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35 questions - 251 marks - lowest tariff first
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3-MARK QUESTIONS

3 questions in this booklet
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ANSWER >

4+ 243 a+b3

can be written in the form

5—2\/5 c

and c is prime, find the value of «, the value of » and the value of c.

2 Given that

where a and b are integers

Show your working clearly.

3
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ANSWER >

23 -4
33 +5

find, without using a calculator, the value of a and the value of b

1 Given that

can be written in the form a + b~/3 where a and b are integers,

Show your working clearly.

INA



ANSWER >

1 (8-v6)w=50
Without using a calculator, find the value of w
Give your answer in the form £ +bJ6 where a and b are integers and c is prime.
Show your working clearly. ‘
3)
\_ _J

INA



4-MARK QUESTIONS

5 questions in this booklet
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ANSWER >

' a++3 .
1 Given that m =11 + b~/3 where a and b are integers,

find the value of a and the value of b.

INA



ANSWER >

( )
1 Given that a\/—g 1 can be written in the form b+/3 — 9 where a and b are integers,
find the value of @ and the value of b
Show your working clearly.
Q)
1\ J

INA
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ANSWER >

( - 7 - - )
1
Diagram NOT
A (a b \/E) cm B accurately drawn
(4 -2 ) cm
D C
Figure 1
Figure 1 shows the rectangle 4ABCD.
AD = BC = (4 - \/5) cmand 4B = DC = (a + b\/z) cm where a and b are integers.
The area of the rectangle is (10 +2 ) cm?
Find the value of a and the value of b
Show your working clearly.
4
\_ _J

N2
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ANSWER >

( )
1

A
Diagram NOT
accurately drawn

(2 + 4V5) cm
—
B (a + b\5) cm c

Figure 1
Figure 1 shows the triangle ABC
ZABC =90° 4B = (2+4\/§) cm BC= (a+b\/§) c¢cm where a and b are integers.
The area of triangle ABC = (34+1 W5 ) cm’

Without using a calculator, find the value of ¢ and the value of b

N2
12



ANSWER >

( )
1 Without using a calculator, solve the inequality J50 x =18 > 6x+5
Give your answer in an exact form with a rationalised denominator.
Show your working clearly.
Q)
\ J

INA
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5-MARK QUESTIONS

4 questions in this booklet

7
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ANSWER >

( )

7 Solve the equation

log, (8x* — 6x + 3) — log, x* = 3log,2

INA
15



ANSWER >

( )

10 Solve the equation
log,x +log x +log,x = 10.5

Show your working clearly.

INA
16



ANSWER >

a+2J5 11+bJ5
3-45 2

find the value of a and the value of b
Show your working clearly.

1 Given that where « is an integer and b is prime,

INA
17



ANSWER >

3 Giventhat 2% b\/g = 9+ 4\/5 where a, b and ¢ are prime numbers,
6-25 ¢
find the value of a, the value of b and the value of ¢
)]
\ _J

INA
18



/-MARK QUESTIONS

6 questions in this booklet

7
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ANSWER >

( )
3 (a) Write down the value of log,9
2 M
. 12
(b) Solve the equation log, 97 = log, N +2 where ¢t > 0
Give your answer in the form ax/b where a and b are prime numbers.

(6)

\ J

INA
20



ANSWER >

9 Showing your working clearly, use algebra to solve the equations

161

8 4
420 =16

INA
21



ANSWER >

4 (i) Solve the equation 16log 4 = log,r
(2

(i1) Solve the equation log59 +log, 12 + log 15 + log 18 = 1 + log, x + log, x*

INA
22



ANSWER >

( )

8 Solve the equation log, x —2log 3 =1

INA
23



ANSWER >

( )

5 Solve the equation

log,vx —5+log,(x+3)-1=0

Show clear algebraic working.

INA
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ANSWER >

( )

10 Solve the equation
log, x* + 8log, 64 = 22

INA
25



8-MARK QUESTIONS

7 questions in this booklet

7
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ANSWER >

( )
8 Given that » satisfies the equation
log, n=log 3 +log (2n—1)
(a) find the value of n.
3)
Given that logp x=3 and logpy -3 logp 2=4
(b) (1) express x in terms of p,
1
(i1) express xy in terms of p.
Q)
\ J

INA
27



ANSWER >

( )

8 Use an algebraic method to solve the simultaneous equations

5
log,a+3log,b= >

INA
28



ANSWER >

( )
7 (a) Write down the value of log,16
1
Given that 4 + 2log, x = log, y
(b) show that y = 16x
4)
(c) Hence solve the equation 4 + 2log, x = log, (4x + 5)
3)
1\ J

INA
29



ANSWER >

a++5
J5-2

(a) without using a calculator, find the value of a
Show your working clearly.

6 Given that

=11+5J5

(2)
Triangle POR is such that

PR=(x+3)em QR=xcm angle OPR=30° angle POR =45°

(b) Show that x =3 +3+/2
3

Given that sin105° = and that the area of triangle POR is A cm?

V6 +42
S

(c) find the exact value of 4 in the form %(p\/g + q\/E +r3 + s)

where p, ¢, r and s are integers.

N2
30



ANSWER >

( )
9 Giving each value in your solution to 2 decimal places, solve the simultaneous equations
e’ -x+2=0
In(x+3)-2y—-1=0
®)
\_ J

INA
31



ANSWER >

( )

6 Solve the equation

10g2x3 + 10g4x2 —3log 2=0

giving your answers to 3 significant figures.

INA
32



ANSWER >

( )
11 Solve the simultaneous equations
2log,x = log; 3y’
log, x* +8log, y =13
Show your working clearly.
®)
. J
INA
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9-MARK QUESTIONS

4 questions in this booklet

7
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ANSWER >

SRRV

5 (a) Show that log,32 =
(2)

(b) Hence, or otherwise, find the exact solutions of the equation

1
log,x —log,32 + 2 log 16 =0

INA
35



ANSWER >

( )
9 (a) Find the value of a such that log,8 = 3
4 &)
(b) Show that
3xlog, x — 4log,,8 + 6xlog, 8 — log, x = log, (8x)™"
4)
(c) Hence solve the equation 3xlog, x — 4log,,8 + 6xlog,8 —log,x =0
3)
1\ J

INA
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ANSWER >

7 The curve C has equation y = —log, (x + 4)

(a) Using the axes below, sketch the graph of C.
Label the coordinates of the points of intersection of C with the coordinate axes
and the equation of any asymptote to C.

(C))

(b) Solve the equation log, ., 256 - log, (x+4)=0
Q)

y A

=V

N2
37



ANSWER >

( )
9 (i) Solve the equation 3(loga 9+log, 27) =1
Give your answer in the form a =5° where b is prime and c is an integer.
3)
(i1) Solve the equation log, p +log, 256 = -4
(6)
. J

INA
38



10-MARK QUESTIONS

1 question in this booklet

7
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ANSWER >

( )
r )

8 (a) Solve 52 - 9p+4=0
2

(b) Hence solve 5% —=9(5%) +4 =0

Give your answers to 3 significant figures where appropriate.

“

The curve with equation y = 5**'! + 5% intersects the curve with equation
y =2(5"" — 4 at two points.

(¢) Find the coordinates of each of these two points.
Give your answers to 3 significant figures where appropriate.

“4)

INZ)
40



11-MARK QUESTIONS

3 questions in this booklet

7
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ANSWER >

(
7 Acurve C has equation y = log  (x +2)
(a) Using the axes below, sketch the graph of C.
Label the coordinates of the points of intersection of C with the coordinate axes.
(2)
(b) Solve the equation 2(loga4 + log, 16) =1
3
(c) Solve the equation 510gq 16 + 4log,q = 24
(6)
VA
0 x
\_
Q‘Q’/‘@

42




ANSWER >

( )
6 (i) Solve the equation 5(log,9+log,3)=3
C))
(i1) Solve the equation 3log; x+3log,27 =8log,128
Give your answers in exact form.
Q)
\ J

INA
43



ANSWER >

( )
10 Solve the equation
(i) logs(6y-5)=3
(2)
(i) logs(4-3x)” —log,(x*—5)-3=0
Show clear algebraic working.
Give your answer to 3 significant figures.
)
\_ _J

INA
44



12-MARK QUESTIONS

1 question in this booklet

7

45



ANSWER >

( )
r D
9 (a) Solve the equation 2logp9 +3log,p =8
(6)
Given that log,3 = log, 3
(b) find the value of k&
(2)
(c) Show that
6x-5
6xlog, x — 3xlog,3 — Slog, x + 10log,3 = log, (36)6—_20)
4
\_ _J

INA
46



13-MARK QUESTIONS

1 question in this booklet

7

47



ANSWER >

( )
10 (a) Show that 9_3y _ 3
243
(C))
(b) Solve the simultaneous equations
3y
9 — 27()6—2)
243
loglo\/@ =log,2
®
k J

N2
48



MARK SCHEMES

official Pearson Edexcel mark schemes
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< QUESTION

, 44243 R 23 i
5-23 54243
2041083483 +12
- 25-4x3 - dM1Al
(At least one intermediate step must be shown for M1 to be awarded) [3]
Total 3 marks

Additional Guidance

M1 For the correct use of 5+ 2+/3 seen as intention to multiply both the numerator and

denominator.
This need not be on one line.

23

Do not accept ;H 0 x (5 +243 ) for this mark unless multiplication of the numerator and

denominator is later seen explicitly.

This mark can be implied by later correct work, for example 20+ 1(;\5/3 Z 8\3{5 12
—4x
Ignore poor/missing bracketing provided the work is correct.
Ml Multiplies out both denominator and numerator. The multiplication must be correct for the
award of this mark.
Al 324183

For the correct final answer

There must be no errors seen for the award of this mark.




MARK SCHEME - Paper 1 - June 2022 - Q1 Logarithmic Functions and Indices (1) <QUESTION
Question Scheme Marks
number
2\/3-4 33-5
1 X M1
3/3+5 33-5
18-10+/3-12+/3+20( 38-2243
PSR EE
27-25 2
=19 —11./3 correct working throughout only Al
@)
ALT | 23-4=(3V3+5)(a+bB) M1
23 -4=5a+9b+3/3a+53b="5a+9b"=—-4; "3a+5b"=2 dm1
15a+27b =12 or 254+ 45h = 20 Al
15a+25b =10 27a+45b =18
2b=-22 =b=-11 2a=38 = a=19
15a-297=-12=a=19 57 + 5b=2 =>b=-11
=19 —11./3 correct working throughout only 3)
Total 3 marks
Marks | Notes
M1 _
For multiplying by 3\/5 5
3J3-5
This may be seen as two separate calculations.
Note, multiplying by % is valid and will lead to all terms being the opposite and
should be marked in the same way.
dMm1 Dependent on M1 for attempting to multiply out the numerator and denominator. There
may be up to 2 errors or omissions.
w is sufficient working
Al For 19-11/3 (Allow a=19, b=-11)
As this result can be achieved with a calculator, there can be no incorrect working shown
for this mark to be awarded.
ALT
M1 For (3x@+5)(a+b\@)
dm1 For attempting to multiply out(3\/§+ 5)(a+ b«/§) to reach an expression that can be used
to compare coefficients. There may be up to 2 errors or omissions.
Al For forming 2 correct simultaneous equations and solving correctly to reach
19-11J3 (Allow a=19, b=-11 ). Two common examples are shown in the scheme.
As this result can be achieved with a calculator, there can be no incorrect working shown
for this mark to be awarded.

RA
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< QUESTION

1 50 8+6
8-6 8++/6 M1
_400+50+/6
58 M1
200+ 256
29 Al
[3]
Total 3 marks
Part | Mark Additional Guidance
1 M1 | For making w the subject, and applying a multiplication to rationalise the
denominator >0 X B8+6
8-6 8+6
M1 | For carrying out the multiplication of the numerator and the denominator to reach
single integer values in both, allow one processing error.
Al | For correctly manipulating the fraction to reach the correct answer.

INZ)
52




< QUESTION

1

(a+3) (2+V3) 2a+y3(a+2)+3

X =

) )

2a++3(a+2)+3=11+bV3=11=2a+3, b=a+2

Solves the equations inaandb = a=4, b=6
ALT

gfﬁ =114+by3 = a+3 =(2-3)(11+b3)

—a+V3=(22-30)+(2b—113

=a=22—-3band 1=2b—11
Solves the equationsinaandb = a=4, b=6

Ml

MIM1
Al
[4]

M1}

{M1}{M1}

AT}
[4]

Total 4 marks

M1

M1
M1
Al
ALT
M1
M1
M1
Al

(2+\/§
(2+453)

Foreither 11=2a+3 or bh=a+2
Forl11=2a+3and b=a+2
a=4, b=6

S——

Multiply by

Multiply by 2—+/3

For either a=22—-3b or 1 =2b—11
Fora=22—-3b and 1=2b—11
a=4, b=6

INZ)

53



< QUESTION

Method A

a8 | 5-9=a-4y3=30-9+3(b-9)

J3+1 M1
[a=3b-9 and —4=b-9] M1
. i Al
=5, a=6 [4]
Method B

(a—4\/§)x(\/§—1)=a\/§—a—12+4x/§=b\/§_9 [MIM1
(V3+1) (V3-1) 2 Al]
b=5, a=6

Total 4 marks

Qn*/ﬂ
54



MARK SCHEME - Paper 1R - January 2023 - Q1 Logarithmic Functions and Indices (1)
Question Notes | Marks
1 _
a m _ b\/§—9
\@+1
Simplifies /48 =/16+/3 =4+/3- Seen anywhere. Bl
Method A — Both sides multiplied by </3 +1, collects terms and M1

equates rational and irrational parts and obtains two equations at
least one of which must be correct.

a-43=(bv/3-9)(v3+1)=(30-9)+3(b-9)

=a=3b-9 and -4=b-9

Solves their equations. M1
The equation —4 =b—9 must be solved correctly and the result
substituted into the second equation to find a

Allow one processing error here.

This is an A mark in Epen

For a=6andb=5 Al
[4]

Simplifies V48 =+/16+/3 =443 B1

Method B — rationalises the denominator, collects terms and
equates rational and irrational parts and obtains two equations at
least one of which must be correct.

(a-43) (V3-1) JB(a+4)-(a+12) w
X = =by3-9
(G " (E) T
= M =-9 a_+4 =b oe
2 2
Solves their equations: M1
The equation @ =—-9 must be solved correctly and the

result substituted into the second equation to find b
Allow one processing error here.
This is an A mark in Epen

For a=6andb=5 Al
[4]

Total 4 marks

7
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MARK SCHEME - Paper 1R - June 2023 - Q1 Logarithmic Functions and Indices (1)
Question Scheme Marks
1
(4—«5)(a+b[) 10+f:>a+bf_10+://__ B1
(10+\/§) (4+\/§) 42 +14-/2 M1
x = =3++2=a+b\2
() ()
—a=3 b=1 AlAl
[4]
ALT
(4—ﬁ)<a+bﬁ):4a+4bﬁ—aﬁ—2b B1
= 4a-2b++2(4b-a)=10++2
4a—-2b=10 M1
—a+ 4b=1
AlAl
=a=3, b=1 [4]
Total 4 marks
Mark Notes
B1 For forming the correct equation [a + bv2 = 10”_
Allow as an expression with a + bv/2 omltted.
For multiplying the denominator and the numerator by 4+ \/E
M1 | The calculation must be shown.
.. .o (104v2) O (44V2)  42+1442
Minimum working is: =0 X ) -
Al Eithera=30RDb=1
Allow embedded.
Al Botha=3ANDb=1
Allow embedded.
ALT
B1 For forming a simplified expression in a and b for the area.
Minimum required is expression of the form 4a 4+ 4bv2 — a2 — 2b
M1 For solving the simultaneous equations in a and b
Condone arithmetic errors, but process for solving must be correct.
Al Eithera=30ORDb=1
Allow embedded.
Botha=3ANDb=1
Al | Allow embedded.

t‘
RA
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< QUESTION

1 M1
34+11J_:%x(2+4J§)(a+bJ§)
2x(34+1145 34+11.5
—=a+b 5=¥ or a+b\/§=g oe M1
2+445 1+24/5
(34+11f ) (1 2\/5) 34-685+11/56 -110
= \/_ (1 2\/5)2 19 oe or
1+2 -
(1+245) "
(68+2245 ) (2-45) 13627245 + 4445 - 440
(2+445) (2—4J§ 76
=4+3J/5 or a=4, b=3 '[A‘ﬁ
ALT
1 M1
34+11\/_=Ex(2+4\/§)(a+b\/§) oe
(34+115)=a+by5+2a\5+10b ceeg 68+22y5=2a+2b\5+4a5+20b |y
(34+1145 ) =(a+10b)+(2a+b)\/5 oe eg ( 68+22y5)=2a+20b+(4a+2b)\5
=34=a+10b and 11=2a+b oeeg = 68=2a+20b and 11=4a+2b
Solves simultaneous equations by any method l\A/\Ill
=4+3/5 or a=4, b=3 (4]
Total 4 marks




MARK SCHEME - Paper 1 - November 2023 - Q1 Logarithmic Functions and Indices (1) <QUESTION

Mark Notes
M1 For the correct statement for the area, this may be explicit or implied by working, but must be

a fully correct statement. Allow a+ b+/5 to be written as BC or denoted by a letter.
M1 For correctly rearranging to the form

2x(34+1145 34+1145
a+b\/§=¥ oe or a+b\/§=(—) oe
2+445 1+2\5
This mark may also be awarded for rearranging an initial formula, missing the %
34+11.5
ie for correctly rearranging 34 +114/5 = (2 + 4\/5)(a + b\/g) to a+b/5= g oe
2+45

Allow a+ b+/5 to be written as BC or denoted by a letter.

M1 (34+1145) (1-245)  (68+225) (2-445)

For multiplying eg X or X - allow the 2 to

(1+25)  (1-245) (2+4v5) (2-445)

remain factorised.

or, if missing the %for the first method mark

(34+1145) (2-45) 6g_13645+ 225 - 220 i

X =

(2+4J§) (2—4J§) ~76

Allow one error in multiplying out. Look for equivalences.

The question precludes the use of a calculator, so method must be shown.
Al | 4435 or a=4 b=3

ALT
M1 | For the correct statement for the area, this may be explicit or implied by working, but must be

a fully correct statement. Allow a+ b</5 to be written as BC or denoted by a letter.

M1 | For multiplying out correctly as shown in the scheme.

But if the initial formula is missing the % , the mark may also be awarded for

(34 +11£) —2a+2b+/5 +4a+/5 + 20b

M1 For correctly equating coefficients and any valid complete method to solve a pair of
simultaneous equations, each equation in a and b, allow one error. This work may also be done

. 1 ..
with the > missing from the formula and that doesn’t count as ‘one error’.

The question precludes the use of a calculator, so method must be shown.
Al | 443/5 or a=4, b=3

7
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MARK SCHEME - Paper 1R - June 2024 - Q1 Logarithmic Functions and Indices (1)
Question Scheme Marks
1
@x_mw“s:@x_esbswrs:»j;_ﬁ w1
5+4/18 . V50 +6 5450 +30++18+/50 +6418 43v2+60 | mM1dM1
J50-6 /50 +6 14 14
- 432 +60 AL
14 [4]
Total 4 marks
Mark Notes
M1 | Collects like terms and obtains a value for x in the minimally acceptable form:
X > a+18 o.e forexample x> a+3y2 where a is an integer.
J50-6 5v2 -6
Please watch out for reversed signs For example, accept ﬂ
—J50 +6
Ignore the inequality and accept >, <, = for this mark
M1 | For showing the intent to multiply the numerator and denominator by the
conjugate of their(\/%+ 6 or 5v/2 + 6) but minimally of the form JA+B or
CJ2+D
e.g., 5+18 X V/50+6 scores this mark.
J50-6 /50+6
That is all that is required for this mark.
Ignore >, <, = for this mark
dM1 | For explicitly multiplying out and simplifying their expression to obtain a value
for x in the required form. Allow no more than one error in this simplification.
However, it must be simplified as far as A+C\/§ or P+$\/§ where A, B, C,
P, Q, Rand T are integers
Ignore >, <, = for this mark
Al | For obtaining the value of x as given with the correct inequality.
For candidates who give an estimated value [8.629....] , please isw if you see
the exact value first.

7
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MARK SCHEME - Paper 1R - June 2024 - Q1 Logarithmic Functions and Indices (1)
ALT 1 - Squares both sides [Ignore <, >, = for the first 3 marks]
M1 | Squares both sides without errors.
2
(v/50x~+18) > (6x+5)" = 50x" ~60x+18 > 36X" + 60X + 25
M1 | Collects up their like terms and forms a 3TQ
=14x* -120x-7>0
dM1 | Solves their 3TQ by either valid method using the formula or completing the
square.
+ ++/
x=% oe eg., x=% Accept + for this mark
We MUST see a method for the award of this mark. Do not award for roots
appearing with no working.
Ignore >, <, = for this mark
Al | For obtaining the value of x as given with the correct inequality.
This has to be x > M
14
For candidates who give an estimated value [8.629....] , please isw if you see
the exact value first.
ALT 2 — Collects up like terms and squares [Ignore <, >, = for the first 3 marks]
M1 | Squares both sides without error.
(V50x—6x) > (5++18) = 50x* ~12450X’ +36x" > 25+10/18 +18
M1 | Collects up like terms and forms a 2TQ
86x: ~12/50x —(43+10/18)> 0= [(8&3—60J§)x2 - (43+30418) > 0]
dM1 | Solves their 2TQ by either valid method using the formula or completing the
square.
+ +
- 432 £60 o6 eg. x— /3698 + 60
14 14
We MUST see a method for the award of this mark. Do not award for roots
appearing with no working.
Al | For obtaining the value of x as given with the correct inequality.
This has to be x > M
14
For candidates who give an estimated value [8.629....] , please isw if you see
the exact value first.

7

60

< QUESTION



MARK SCHEME - Paper 1 - January 2020 - Q7

Logarithmic Functions and Indices (1) <QUESTION

Question Scheme Marks
number
7 logy x? B1
log; 49
8x2-6x+3
log, (2=2%) | log, 2° MI Al
8x2—xéx+3 — 93
8x2—14x+3=0 M1
4x—1D(2x-3)=0
13 Al
X=-=
42
[5]
Mark Additional Guidance
B1 For changing the base of the log either to base 7 or base 49
log, x> log, X’ log,, (8x* —6Xx+3
log, X* = —=1 —=— log, (8x2 —6x+3) - 49( )
log, 49 2 log,, 7
OR 1 =2log,, (8x* —6x+3)
2log, X
lo = I =log, X 1 2
B0 Tlog, 49 AND log,2=—89% _2]og,2
log,, 7
Ml For combining the LHS together into one log and dealing with the powers on both sides
L log. X2 = 8X° —6x+3]|
I:E 10g7 = 10g7 X:l = 1Og49 I: X2 } H 10g49 26
8X* —6X+3
log, (—j, log, 2°
X

with the logs
This is an A mark in Epen

dM1 | For forming a 3TQ with their expressions which must have come from an acceptable attempt to deal

8x? —14x+3=0

(8% —6x+3) =64x° =

8X> —6X+3=18X = 8X* —14x+3=0
If this method is used they must reject the negative root
of 64X’ (i.e - 8X) because it will form a quadratic

equation with no real roots.

{8x2+2x+3:0:>b2—4ac=—92}

dM1 For attempting to solve their 3TQ
8x* —14x+3 =(4x—-1)(2x-3)=0=>x=...,...

Al

3 1
X==, —
2 4

t‘
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MARK SCHEME - Paper 2 - June 2022 - Q10 Logarithmic Functions and Indices (1)

Question Scheme Marks
number
log, x log, x
10 9 X, 09, X, log, x=10.5 M1
log,4 log,16
log, X + log, x +log, x=10.5 M1
2 4
7
2 log, x=10.5 M1
x=2°¢ M1
(©)
Total 5 marks
Mark | Notes

The first two marks are common to both methods

M1

Changes the base of any log correctly seen anywhere. Accept change to log, or

even log,,
Base 2

log, x log, X
log, 4" log, 16
Base 4

log, x log, x
log,16 " log, 2
Base 16

log,s x log,, x
log,, 4" log,, 2

M1

For forming an equation (in any form) in a single base in any base

For example;
Base 2
log, x +_Iog2 X+ log, x=10.5 or e.g.,log_szrIog_zij log, x=10.5
2 4 log, 4 4

Base 4
e.g log, X+Iog_4x+log_4x =105

2 1

2

Base 16
1003, X log,, X+ 1995 X _ 105

1

2 4
NB - Thisisan A mark in Epen

7
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MARK SCHEME

- Paper 2 - June 2022 - Q10

Logarithmic Functions and Indices (1)

Method

1

M1

For simplifying to the form Alog(

any base

For example;
Base 2

1.75log, x=10.5
Base 41

3.5l0g, x=10.5
Base 16

7log,; x=10.5

)= B where A and B are constants

M1

For undoing the log

For example:
Base 2

X =2°
Base 4
x=43
Base 16
X =16

Method

2

M1

Uses the addition law to simplify to the form:

log, (x* x x° xx°) =105 = (a+b+c)log, x=10.5

For example: B
Base 2

1 1
Iogz(x2 x X4 xxJ :10.5:>£Iog2 x=10
Base 4
3 7
Iog{XX X2 ><2x):10.5:>zlog4 x=10

Base 16
log,; (2xx xx5x)=10.5=> 7log,; x =10

5

5

5

M1

For undoing the log:
Base 2

7
2105 _ 44
Base4d

7

410.5 — XE
Base 16
1610.5 — X7

Al

For X =64

7
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< QUESTION

1 (a+2\/§)x(3+\/§):3a+a\/§+6\/§+10 =3a+10+(6+a)\/§ M1
(3—J§) (3+J§) 9-5 4
3a+10+(6+a)V5 11+by5
4 2
3a+10 11 6+a b MIMIAIAL
= =— 0e »>a=4=>——=— 0e =b=5 [5]
4 2 4
ALT
(a+2V5) 11445
= = |2(a+2v5)=(3-/5)(11+b\5
Bt (o128 o- o
M1
2a+4+5 =33+ 305 ~11/5 - 5b (= (33 -5b)+ (30 -11)+5)
=4=3b-11=b=5
—2a=33-5b=a=4 MlM[é']MAl
Total 5 marks

N2
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MARK SCHEME - Paper 2 - June 2023 - Q1 Logarithmic Functions and Indices (1)

Mark | Notes
M1 (a+245) (3+5)
For multiplying both numerator & denominator of ~——= through by —
) T )
o0 give 3a+a+/5+6+/5 +10 .
9-5
Allow one error on the numerator. The denominator must be correct.
M1
For correctly equating their coefficients with % .
Although this is not a dependent mark, there must be at least one equation in a
and b
M1 | For a complete and correct attempt to solve one of their equations to find a value for
a or a value for b.
Although this is not a dependent mark, there must be at least one equation in a
and b.
Al | Foreithera=4o0orb=5
Al | Forbotha=4andb=5

Students may also multiply by —3—x/§ This produces the correct answer and is the same as
the main MS, but all the terms are negative. Mark to exactly the same principles.

ALT

M1 | Correctly removes the denominators from the given equation and multiplies out as
shown to give the equation 2a+4+/5 =33+3b+/5-11/5-5b
Allow one error.

M1 | For correctly equating their coefficients on either side of the equation.
Although this is not a dependent mark, there must be at least one equation in a
and b

M1 | For a correct and complete attempt to solve one of their equations to find a value for
a or a value for b.
Although this is not a dependent mark, there must be at least one equation in a
and b

Al | Foreithera=4o0orb=5

Al | Forbotha=4andb=5

7
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MARK SCHEME - Paper 2 - June 2025 - Q3

Logarithmic Functions and Indices (1)

< QUESTION

3 a+byb 6+2(5 6a+10b+2aV5+6b\5 | (6a+10b)++5(2a+6b) | |
6-2v5 6+2v5 36— 20 16
(6a+10b)++/5(2a+6b) |(3a+5b)++5(a+3b)| 9+45

16 - 8 - C
—=9=6a+10b OR  9=3a+5b
= 4=2a+6b 4=a+3b M1
:>a:Z, b=§ OR :>a=z, b:E
8 4 4 M1
7 3 7 3
8+8*/§_9+4\£:> z+z‘/§_9+4£ _7+3J5 9+445 "
6-2J5  2x8 6-2J5  2x4 6—25 2
—a=7,b=3 and c=2 Al
[5]
ALT
[M1
c(a+bJ§):(9+4J§)(6—2J§)
M1
=54-184/5 + 245 — 40
c(a+by5)=14+6v5,=2(7+3V5) M1,M1
—=c=2 a=7 b=3 Al]
Total 5 marks
| Mark | Additional Guidance

7
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< QUESTION

MARK SCHEME - Paper 2 - June 2025 - Q3 Logarithmic Functions and Indices (1)
M1 Multiplies numerator and denominator by 6+ 2x/§ with no errors
M1 | Equates numerator coefficients to find two simultaneous equations in a and b
M1 | Solves their simultaneous equations by any method provided the equations of the
form;
ma+nb=... and pa+gb=... wherem= p and n=q
They must reach both a value for a and a value for b for this mark
M1 | For multiplying through by 8 or 4 to give a prime number in the denominator of
9+445
C
Al | For the correct values of a, b and ¢
Allow embedded values.
ALT
M1 | Cross multiplies’ through by (6 - 2x/§) AND by c
M1 | Multiplies out both sides with no errors
M1 | collects up like terms to obtain c(a+b\/§) = A+B+5
M1 | Factorises their expression to obtain P (Q + R\@) where P, Q and R are integers
or deduces by inspection thata=7andc =2
Al | For the correct values — accept if embedded in the expression.

7
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< QUESTION

3(a) log,9=2 Bl
[1]
(b) 12’
log, 9t =log, — +2=log, 9+log, 7 =2(log,12—log, 1)+2 MIMI1
log,9+log,t=2 log, 12 _ log, ! +2
log,9 log,9 M1
= log,9+log,t=log,12-log, ¢t +2
= 2log, t =log,12 = log, ¢’ =log, 12 Al
=S2=12=1=23 M[lg]“
Total 7 marks
(a)
Bl (log,9=)2
(b) The M marks can be seen anywhere in the solution
Ml
Use of log AB =1log A+log B or logg =logA—logB
M1 Use of log 4" =nlog 4
Ml
Use of log, x = log, x
log, a
Al 9t2
Simplifying to 2log, # =log,12 0e or log, D =2o0e
M1 Simplify to > =...
Al t= 2\/5




< QUESTION

9 24 Ml
27
94 -2y — 92 (- 4x-3y=-2) dMl1
272 =2¢ Ml
¥y =24 - (2x+y=4) dM1
A fully correct method using for solving simultaneously leading to ddddM1
either 10x =10 or 5y =10
4x-3y=-2 = 10x=10 or 4x-3y=-2=5y=10
6x+3y=12 4x+2y =8
y=2 Al
x=1 Al
[7]
Alternative Method
Ml
=10
2y
42x l Ml
8 4
E 2 XL B l ddM1
27 8 4
8 x2% =4x16> dddM1
27 % 2% =27 x2" ddddM 1
(25y=210) y:2 Al
(4'x4=16) x=1 Al
Q‘Q’/‘@
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MARK SCHEME - Paper 1R - November 2020 - Q9

Logarithmic Functions and Indices (1)

Part | Mark Additional Guidance
(a) Ml For correctly changing any two indices into powers of 2 and
simplifying. Accept any two of 22 or 2* or 2%
dM1 | Dependent on previous method mark. A fully correct method using index
laws to simplify their expressions as powers of 2 and an attempt to write this
as a linear equation.
Ml For correctly changing both indices to powers of 2, as shown
dM1 | Dependent on previous method mark. A fully correct method using index
laws to simplify their expressions as powers of 2 and an attempt to write this
as a linear equation.
ddddM1 | Dependent on all previous method marks
Al y=2
Al x=1
ALT M1 For a correct rearrangement of the 2™ equation as shown
Ml For converting the 16" into 4** as shown.
ddM1 16
Dependent on both previous method marks. Substitution of ? into the
second equation, this need not be fully simplified.
dddM1 | Dependent on all previous method marks. An attempt to rearrange the
equation, must have at least one side of the equation shown correct.
ddddM1 | Dependent on all previous method marks. An attempt to convert all into
powers of 2, must see at least 2 of 2°,2%” 2% 2% correctly written.
Al y=2
Al x=1

R
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MARK SCHEME - Paper 2 - November 2020 - Q4 Logarithmic Functions and Indices (1) <QUESTION
Question Scheme Marks
Number
4(i) 16 =log, r =16 =(log, r)* = log, r = +4 M1
log, r
r=4*=256 orr:44‘:i Al 2)
256
(i) log, 9+log;12+log, 15+ log; 18 = log, (9x12x15x18) = log, 29160 M1
1+log, x +log, X* = log, 5+ log, x +log, X* = log, 5x° M1A1
5x° = 29160 dm1
x=18 Al (5 [7]
ALT1
LHS = log, 29160 M1
RHS =1+Ilog, x° M1
log,, 29160 | _ 6.387...(=log, X° +1) Al
log,, 5
5.387...=3log; x dm1
log, x =1.795...
x=18 Al
ALT 2 | LHS=log, 29160 M1
RHS = log, 5+ log, x* M1A1
log, 29160 = log, 5+ log, 5832
5832 = x° dM1
X =18 Al
ALT 3 | LHS=log, 5832 +log.5 M1
RHS =1+log, x° M1
LHS = log, 5832 +1 Al
log, 5832 = log, x°
5832 = x° dM1
x=18 Al
ALT 4 | log, 29160—log, x* =1 M1M1
0g, 29 1360 4 Al
X
291360=5:>x3=5832 dm1
X
x=18 Al

7
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MARK SCHEME - Paper 2 - November 2020 - Q4 Logarithmic Functions and Indices (1) <QUESTION

(i)
M1 Change base (can have base 4 or base r provided the same for both logs), multiply to remove
the fraction and solve to log, r =... (or log, 4 =...) (One answer only is sufficient)

Al Complete to the correct answers, both needed
(ii)
M1 Combine the LHS logs to a single log. Numbers should be multiplied — if added award M0
M1 Change 1 to logs5 and obtain a single log for the RHS
Al Correct single log for RHS (Requires second M mark, not first)
dM1 Use LHS = RHS to obtain an equation without logs Depends on both previous M marks
Al Correct answer
ALT1
M1 Combine the LHS logs to a single log. Numbers should be multiplied — if added award M0
M1 Combine the two logs on RHS
Al Correct numerical value for LHS. This will need a calculator so change of base need not be
seen. Equation need not be formed yet. Correct final answer implies correct value here.
Otherwise min 3 sf needed
This mark requires the first M mark to have been given — the second M mark can be MO
Use LHS = RHS to obtain a value for 3log, x or log; x

dM1
Depends on both previous M marks
Al Correct answer. This will be exact if all numbers stored on the calculator so accept 18 only.
ALT 2

M1 Combine the LHS logs to a single log. Numbers should be multiplied — if added award MO
Alternatively we may see LHS =log, 5+ log, 5832 without ever seeing LHS = log, 29160

M1 Combine the 2 logs on RHS and change 1 to logsb
Al Correct RHS (Requires second M mark, not first)
dM1 | Use LHS = RHS to obtain a value for x* Depends on both previous M marks
Al Correct answer
ALT 3
M1 Split logs15 and combine all logs apart from logs5 to a single log
M1 Combine the two logs on RHS
Al Change logs5 to 1 and have the correct log on LHS
This mark requires the first M mark to have been given — the second M mark can be MO
dM1 | Use LHS = RHS to obtain a value for x*> Depends on both previous M marks
Al Correct answer
ALT 4
M1 Combine the LHS logs to a single log. Numbers should be multiplied — if added award M0
M1 Combine the two logs from the RHS
Al Obtain the equation shown
dM1 | Obtain a value for x3 Depends on both previous M marks
Al Correct answer

7
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<QUESTION

8
log, 3= 1
log,x Bl
Let y =log, X
2
Soy—-—=1
y M1
yZ_y_2=0 Al
(y-2)(y+)=0 M1
log; x=2 or log, x =-1 M1
1
Xx=9 or ng Al AL
[7]

Notes

Bl

M1

Al
M1

M1
Al

Al

For use of log, X =

log, a
For y—g =1loe
y

For rearrangingto a3 TQ
For solving the 3 TQ

For either log, x=2 or log, x=-1
For x=9

For x=1
3

N2
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< QUESTION

5 log, x5 +log, (x+3)~1=0

1Iog3(x—5)+w:1:>(1|og3(x_5)+wzlJ M1iM1
2 log, 9 2 2
log, (x—5)+log, (x+3)=2=>log, [ (x-5)(x+3)]=2 M1
= (x-5)(x+3)=3 = x*-2x-24=0

. M1Al
(x+4)(x—6)=0=>x=6 (reject x=—-4) dM1A1

[7]

Total 7 marks

Method 1 — Works in base 3
M1 | UsesnlogA = log A™ correctly to write

logs Vx — 5= %logg,(x -5)

M1 | Foran attempt to change the base of logq(x + 3) to base 3 using log, x =

logg(x + 3) — lo?sgg?,) — log3(2x+3)
M1 | UseslogA + log B = log AB to correctly combine the logs
logz(x —5) +logs(x +3) =logs;(x = 5)(x +3)
M1 | For removing the logs in the equation to obtain (x — 5)(x + 3) = 32 and rearranging to a
3TQ
Al For obtaining a correct 3TQ.
x> —=2x—24=0
Method 2 — Works in base 9
M1 | UsesnlogA = log A™ correctly to write

logz; Vx —5= %log3(x -5)
M1 | For an attempt to change the base of logz vx — 5 or %log?, (x — 5) to base 9 using

logy x

logp a

logs (x+3)
accept ————=
[accept ==

where p # 1]

__logpx

log, x = Togy @

logz; Vx —5 = logo V-5 _ logovx=s _ 5 logoVx —5  [accept qloge Vx — 5 where g+ 1]

logg 3 1/2
Llogs(x —5) =1 x ‘°*;=’§g 2 =2x ‘°g‘;(/’; 2 = logy(x — 5)
M1 | UseslogA + log B = log AB to correctly combine the logs
logo(x —5) +loge(x +3) = loge(x —5)(x +3)
M1 | For removing the logs in the equation to obtain (x — 5)(x + 3) = 9 and rearranging to a
3TQ
Al For obtaining a correct 3TQ.
x?—2x—24=0
Attempt to solve the quadratic equation
dM1 | For an attempt to solve their 3TQ.
See General Guidance for the definition of an attempt. Dependent on at least one previous M
mark scored.
Al xX=6
Must reject x = —4 if this solution is also included.

\\\’;
74



MARK SCHEME - Paper 2R - June 2023 - Q10 Logarithmic Functions and Indices (1) < QUESTION

Question Scheme Marks
10 | g1og, 64— 8100:64 M1
log, x M1
log, x* =3log, x
log, x° +8log, 64 = 22 = 3log, x+ 212964 _ 5
log, x
= 3(log, x)2+8log464:22log4x:>3(|og4x)2—22log4x+24:0 M1
3(log, )" —22log, x+24 = 0= (3log, x—4)(log, x—6)=0 M1
:Iog4x=ﬂ, 6 Al
3
4
Xx=43% or awrt 6.35 and x=4096 M[17']A‘1

Total 7 marks

NOTE WELL! This can be solved using a modern calculator. No working = no marks.
Award marks only for work explicitly seen.

Mark | Notes
Works in base 4
M1 | For changing the base of the log correctly to base 4

8log, 4°
log, x

M1 | For applying the power law correctly seen anywhere in their work.
This mark can also be awarded for explicit application of the power law on
log, 64 =3log, 4

M1 | For multiplying through by log, x and forming a 3TQ in log base 4

3log, x+8log, 64 =22 = 3log, x+ =22

M1 | For solving their 3TQ by any valid and correct method.
If there is no method seen with an incorrect 3TQ or with incorrect solutions
following a correct 3TQ this is MO

They must obtain two values for their log.

Al
For both correct values of log x E 6}

M1 | For undoing either log correctly.
Allow this mark for any erroneous log they find, but undo correctly.
Al | For both values of x

4

Accept 43 or awrt 6.35 and 4° or 4096

7
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MARK SCHEME - Paper 2R - June 2023 - Q10 Logarithmic Functions and Indices (1)
Works in base x
M1 | For changing the base of the log correctly to base x or vice versa.
log, X +8log, 6422 = 199X _gjoq 43— 20
log, 4
M1 | For applying the power law correctly seen anywhere in their work.
This mark can also be awarded for explicit application of the power law on
log, 64 =3log, 4
M1 | For multiplying through by log, 4 and forming a 3TQ in log base x
——+24l0g, 4=22= 24(log, 4)" —22log, 4+3=0
09,
M1 | For solving their 3TQ by any valid and correct method.
If there is no method seen with an incorrect 3TQ or with incorrect solutions
following a correct 3TQ this is MO
24(log, 4)° —22log, 4+3=0=>(4log, 4-3)(6log, 4-1)=0=log, 4=...,...
They must obtain two values for their log.
Al 31
For both correct values. log, 4= 76
M1 | For undoing either log correctly, but they must obtain a value for x= .....
4
x=4% or x=4°
Allow this mark for any erroneous log they find, but undo correctly.
Al 4
Accept 43 or awrt 6.35 and 4° or 4096
Works in base 2
M1 3 8log, x°
Changes the base of at least one log to base 2. —log, X, 9y
2 log, x
M1 | For applying the power law correctly seen anywhere in their work.
This mark can also be awarded for explicit application of the power law on
log, 64 =6log, 2
M1 | For multiplying through by log, x and forming a 3TQ in base 2
g(log2 x)* —22log, x+48=0= [3(Iog2 x)* —44log, x+96 =O}
M1 | For solving their 3TQ by any valid and correct method.
If there is no method seen with an incorrect 3TQ or with incorrect solutions
following a correct 3TQ this is MO
(12log, x—1)(8log, x-3)=0=log, x=..., ...
Al For both correct values.  log, x :2,12
M1 | For undoing either log correctly.
8
x=23 or x=2"
Allow this mark for any erroneous log they find, but undo correctly.
Al 8
Accept 23 or awrt 6.35 and 2 or 4096

7
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<QUESTION

8 (a) log, n=1log, 3(2n-1) M1
n=3(2n-1) M1
no3 Al

5 ©)
o)D) | x=p? B1
(b)(ii) @
i
Iogpy—logp23=4:Iogp(2—);j=4 or Iogp[%)=4 M1
2—y3=p“:>(y=23p4 or 8p*) M1
xy =8p’ M1A1
N (4)
ALT (b)(ii)
M1
Iogpx+logpy—3logp2=4+3:>logp(%j=7 M1}
Xy 7
2 P M1}
xy =8p’ {M1A1}
(4)
Total 8 marks

N2
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MARK SCHEME - Paper 1 - June 2021 - Q8 Logarithmic Functions and Indices (1)

Part | Mark | Notes
(@) Uses the addition law of logs correctly
log, n=log, 3+log,(2n-1) = log, n=log, 3(2n—-1)
M1
n
Acceptalso log, n=1log, 3+log,(2n-1) =0=Ilog,| — |=(log,1
p g, n=log,3+log,(2n-1) ga(3(2n_1)j (log, 1)
For obtaining a linear equation from their log equation and attempting to find a
M1 | value for n.
n=3(2n-1) leading to a numerical value for n
Al | Forn :E
5
(b)) | B1 |For x=p°
(b)(ii) For stating that 3log, 2 =log, 8 or log, 2° and for using the addition law
M1 correctly to combine the LHS: , ,
log,y—log, 2°=4= IOg"(?j:‘l or Iogp(gj:4
Correctly removes logs on both sides to obtain:
M1
2—y3= p*=(y=2"p* or 8p")
M1 | For correctly finding the product of their x and theiry: xy ='p*'x'8p*"'
Al | For the correct answer of Xy =8p’
ALT
For stating that 3log ,2=1og,8 or log, 2°and states
log, x+log,y-3log,2=3+4
M1 | Uses the addition law correctly to combine the LHS
log, x+log, y—3log,2=4+3=log, (%j =7
M1 | Correctly remove logs on both sides to obtain: % =p’
M1 | Correctly rearrange their expression to make xy the subject
Al | For the correct answer of Xy =8p’

7
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<QUESTION

8 M1
Iog4a+2log4b=g
M1
Iog4(ab2):g
32 = ab? Al
16 Ml
2= 2
22b
Al
a=16-2b*> or b2=8—%a
M1
32=a(8—%a) or  32=(16-20))b’
a’-16a+64=0 or 2b*-16b*>+32=0 Al
a=8 bh=2 Al
Total 8 marks

INA
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MARK SCHEME - Paper 2 - June 2021 - Q8 Logarithmic Functions and Indices (1)
Mark | Guidance
Log equation Method 1 — Works in base 4
log, x
For an attempt to change the base of 3log, b to base 4 using log, x = Iogb 2
b
M1
3logy b= 3log,b _ 3log,b _ 2log,b  [accept plog,b where p 3]
log, 8 3
2
Uses nlog A=1log A" and log A+ log B = log AB to combine the logs correctly
M1 . .
log, (ab®) :g [ft their p provided p =1]
Al | For removing the logs in the equation to obtain 32 =ab’ o.e. e.g. a’h* =1024
Method 2 — Works in base 8
log, x
For an attempt to change the base of log, a to base 8 using log, x = Iog—ba
b
M1
log, a= Iogzs a_ 3|0§8 a [accept glog, a where g #1]
3
Uses nlog A=1log A" and log A+ log B = log AB correctly to combine the logs
M1 S 5 :
log,(a2b®) = > [ft their q]
3 5
AL For removing the logs in the equation to obtain a2b® =82 and rearranges (raises
both sides to the power of %) to obtain 32 = ab?
Second equation
For attempting to change the second equation to powers of 2 or 4:
16 2 a g8 a ,
W :{2"" =gl )} or 42=2 [ g2 o g
22b 4b
At least one correct change of term e.g either 2°or 22 OR either 42 or 4°
Al | Combines the powers to achieve a=16-2b> or g =8-b® oe
Attempt to solve the simultaneous equations
For an attempt to solve their equations simultaneously, both of which must be in
M1 terms of a and b?, to obtain a 3TQ in either a or b?.
32= a(S—%a) —=a’-16a+64=0 or 32=(16-2b’)b’ = 2b* -16b*+32=0
For an attempt to solve their 3TQ in either a or b® by any method.
See General Guidance for the definition of an attempt
For example:
M1
a’-16a+64=0=(a-8)(a-8)=0=a=...
2b* ~16b° +32=0=>b"-8b*+16 =0=>(b* —4)(b*-4)=0=b=...
Al |Fora=8 and b=2 [If b=+2 isgiven as the final answer, withhold this mark].
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7@ |4 B1
[1]
(b) Working in log,
2log, x  2log, x
2log, x = 2= 2— =|log, x
9 og, 4 2 [tog. ] M1
log, 16+ 2'032 X —log, y M1
log,16x =log, y OR log, (f) =—4 22=2"" M1
y =16x* Y Y A:;:.4(::ISO
ALT
Working in log,
log, y = 222 = 28 = 2l0g, y = [log, y*] [M1
4 2
log, 256 +log, x* =log, y*
2 2 PA Y _ g2 M1
log, (256x*) = log, y OR 2log, (;) =4=2=4
256X° = y* = y =16x* M1
Al]
(©) 16x=4x+5 Bl
16X =4x+5=12x=5=Xx=...
5 M1
=5 Al
[3]
Total 8 marks

(@) Bl States 4 only
(b) M1 | For an attempt to change the base of log, x to base 2 using log, x = :S:” z
b
__logax[_logyx
10g4x B log, 4 [_ 2 ]
M1 An attempt to rewrite the equation in terms of log,
log216+21c,’%=10g2y
F.t. their ‘2’ from attempted change of base.
M1 Uses log A + log B = log AB to correctly combine the logs
log,16x =log, y
OR
UseslogA —logB = logg to correctly combine the logs and removes logs
log, (%) = —4 and % = 2~* (this approach will score the second and third M
marks at this stage)
Al For correctly obtaining y =16x*
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Alt —working in log,
M1 | For an attempt to change the base of log,, y to base 4 using log, y = ingz
b
_ logay | _ logsy __

log:y = ez | = 1= 2log, y

M1 For dealing with the indices and writing 4 = log, 256
log, 256 +log, x* = log, y*

M1 Uses log A + log B = log AB to correctly combine the logs
log, (256x* ) = log, Y’
OR
UseslogA — logB = logg to correctly combine the logs and removes logs
2log, (%) = 4 and % = 42 (this approach will score the second and third M
marks at this stage)

Al For correctly obtaining y =16x*

() Bl For writing down 16X = 4x+5

M1 For an attempt to solve the equation
16X =4x+5=12x=5=>Xx=...

Al For x = >

12
Note: This is a ‘hence’ question. Condone candidates working without using given
results, but the first mark is not awarded until the candidate reaches 16x =4x+5
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Question Scheme Marks
number

6 (a) Method 1 Method 2
a+\/§xx/§+2 Ba+2a+5+2y5 (11+5y5)(5-2))
J5-2 5+2 (1)
M1
=|2a+5+(2+a)\5 | 1145 -22+ 25-1045 .
a=3 a=3 [2]
(b) (angle PQR =) 45°
X+3 X X+3 X
sin45°  sin30° 2 1 V2 M1
2 2
3 J2+1
—=3=x(V2-1)= x=—o—x —X=...
(V2-1) J2-1 2 +1 M1
x=3+3/2 Al*
Ccso
OR [3]
X+3 X X+3 X
= = =—= 2X+34J2=2X
sin45°  sin30° 2 1 V232 M1
2 2
W2 2+42
x(2-+2)=3/2 = x= X = X=
( ) 22 242 M1
x=3+3/2 Al]
(©) Zl X (3 + 3v2) x (6 + 3v2) x sin(180 — 30 — 45)° M1
1 6++v2

> x(3+3\/§)x(6+3\/§)x<‘/_4‘/—>

§(4J€+4ﬁ+3¢1—2+6) or %(36\/§+36\/§+54\/1_2+54) ML

oe with two out of four terms correct.

9
[3]
Total 8 marks
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Part | Mark | Additional Guidance
Throughout this question allow missing degree signs.
€)] M1 | Any three out of four terms correct in the numerator of method 1 or in the
expansion of method 2.
If they use method 1 we must see the expansion come from multiplying numerator

and denominator by \/g-l- 2

Al | Cao

If the answer a = 3 is stated without sufficient working seen award MOADO.

(b) M1 | For using a correct sine rule, either way around, using the exact values of sin 45
and sin 30, and attempting to simplify to kx+3=+/2x where k is a constant.

kx3\/§x

Allow — +—=—— for this mark
2 2 2

M1 | For factorising their x+3=+/2x [which must have come from using sine rule] to
obtain 3= x(ﬁ— k) , rearranging and multiplying numerator and denominator by

V2 +k

This is a given answer — this step must be seen explicitly

Al* | Ccs0, no errors or emissions.

(c) M1 | Follow general guidance, if area formula is quoted, allow one slip in substitution. If
formula not quoted, must be a fully correct substitution.

For this mark only allow the angle to be (180—30—45)0 If they work in terms of

X and obtain %x xx (x+3)xsin105° then do not award the first M mark until they

have substituted the given value of 3+3+/2 for x.

dM1 | Replaces sin105° with the given value and attempts to multiply out. The mark
can be awarded for any two terms correct, four terms must be present.

Alcao | Must be in the given form with the terms in any order.
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Question Scheme Marks
number
9 (ezy—x+2:0:>)e2y:x—2:>2y:In(x—2) ory:%ln(x—Z) M1
So In(x+3)-In(x-2)=1 oe M1
X+3
| =1
(23] M1
X+3 —e M1
X—2
X+3=xe—-2e=>3+2e=xe—X
342 ddddm1
3+2e=x(e-1)=>x= 1 =491 Al
1 (3+2e M1 Al
=ZIn|====-2|=053
Y732 ”( e—1 j ®)
ALT1 | e¥+2=x=In(e® +2+3)-2y-1=0 M1
In(e? +5) =2y +1=e?" =e? +5 M1
ee” =¥ +5 M1
e?(e-1)=5 M1
5 1 5 ddddM1
2y =In| — ==In| — |=0.53
g n(e—lj:y 2 n[e—l) Al
.n[i] 5 M1 Al
x=e \*V 412 or x:(_J+2=4.91 (8)
e—-1
ALT2 | In(x+3)=2y+1=>x=e*"-3 M1
eZy_(e2y+1_3)+2:0 M1
e? —e”" +5=0=e" —ee” +5=0 M1
(1-e)e” =-5 M1
-5 1 -5\ _ ddddM1
Final 2 marks as ALT1 M1 Al
(8
2y =In(x+3)-1 p?¥ =gntx+3-1 M1 M1
e — X+3 M1
e
ALT 3 ,_X+3
X—2Z= T oe M1
3+2e
X = =491 dddM1
e-1
Final 2 marks as main scheme
There are potentially a large number of approaches to this question. Use the following general principles:
Although the first 4 M marks are not dependent on each other, there must be sufficient work completed in
the previous method mark to allow the step that is stated in the additional guidance to be completed. Look
carefully at the relevant Practice item in OLS. Award full marks for correct values of x and y. If in any
doubt or different methods are used not leading to correct answers, you MUST send this to review please.
Total 8 marks
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Mark | Additional Guidance

1
M1 For correctly rearranging and taking logs to obtain 2y=In(x-2) or y= > In(x-2)

M1 | For correct substitution of their expression for y or 2y into IN(X+3)-2y-1=0

M1 For correct use of log, X_ log, x—log, y with their equation.
y

M1 For correctly converting their log equation to exponential form.
ddddM1 | For correctly multiplying throughout to eliminate any denominators and collecting x terms on one
side of the equation and making x subject. Dependent on all previous method marks having been
awarded and the rearrangement of their equation must be fully correct.
For x =4.91 or better e.g. exact form (Calc gives: 4.90988...) accept any answer which rounds

Al
t0 4.91
M1 For correct substitution of their value for x into a correct equation leading to a value for y
Ay | For y=033
Accept any answer which rounds 0.53 (calculator gives: 0.5340565...)
ALT1

M1 | Correctly rearranging to make x the subject and correctly substituting into I(x+3)-2y-1=0
M1 A correct rearrangement of their equation in y to give an equation which then allows them to
correctly convert their log equation to exponential form.

M1 Correctly applying the multiplication law for powers

M1

Correctly rearranging their equation and correctly factorising e2y

ddddM1 | For dividing by e —1 and converting to log form to make y the subject. Dependent on all previous
method marks having been awarded and the rearrangement of their equation must be fully correct.
Al For y=0.53 or better e.g. exact form (Calc gives: 0.5340565...), accept any answer which rounds
to 0.53

M1 For correct substitution of y into a correct equation leading to a value for x

Al For x=4.91

Accept any answer which rounds to 4.91 (Calc gives: 4.90988...)

ALT 2
M1 Correctly rearranges and converts to exponential form to obtain x =e?¥** —3
M1 A correct substitution of their x into e?Y —x+2=0
M1 Correct use of the multiplication law for powers
M1 Correct rearrangement of their equation and factorisation of e
ddddM1 | For dividing by e —1 and converting to log form to make y the subject. Dependent on all previous
method marks having been awarded and the rearrangement of their equation must be fully correct.
Al For y=0.53 or better e.g. exact form (Calc gives: 0.5340565...), accept any answer which rounds

t0 0.53
Final2 | AsALT1
marks
ALT 3

M1 Correctly rearranges to make 2y the subject 2y = In(x+3) -1

M1 Correctly raises each side to be a power of e e?Y = gn®+3-1
M1

o S . X+3
Correct use of the multiplication rule for powers and simplification to give e/ =~——
e

M1 Correct substitution of their expression fore? (usually equating the two equations)
ddddM1 | For correctly multiplying throughout to eliminate any denominators and collecting x terms on one
side of the equation and making x subject. Dependent on all previous method marks having been
awarded and the rearrangement of their equation must be fully correct.
For x=4.91 or better e.g. exact form (Calc gives: 4.90988...) accept any answer which rounds

Al to 4.91
Final 2 | As main scheme
marks
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Question Scheme Marks
6 log, x> 3log, 2
log, x® +log, x* —3log, 2 =log, x® + —2—— 20
92 da 9 9z log,4 log, x M1
3
:3logzx+2logzx_log22 0 M1
log,4 log, x
3logzx+2|ogzx— 3 =0 B1
log, x
:>3(|092 X)2+(|Ogg X2)2—3:O M1
:>4(Iogzx)2:3:>(logzx)2:%:Iogzxf_r\/g M1
3 _3
= X= 2ﬁ ~1.82 or x=2 ﬁ ~0.549 MIAIAL
[8]
Total 8 marks

Mark | Notes NB: Candidates will frequently use a substitution for their chosen log.

Working in log base 2
Correct answer/s with no working scores no marks.

For changing the base of the log correctly in at least one term

2
M1 log, x* +log, x* —3log, 2 =log, x* + log, X" _3log, 2 _ 0
log,4 log, X
For using the power law in at least one term.
log, x* =3log, x or log,x*=2log,x or 3log,2=log,2°
M1 log, 2°
= 3log, x+log, x— 92 _p
log, X

B1 | For either log,4=2 or log,8=3

For multiplying through by 10g, x

M1 5 5

3(log, x)" +(log, x)" —3=0

For simplifying and obtaining two values for 10, X using a valid method.
M1 NB: If they discard one value at any stage do not award this mark.

4(log, x)* ~3=0=> log, x:i\/g

For removing the log to find at least one value for x
M1 3 _ B
X = Zﬁ or x=2 ﬁ

Al | For either awrt x =1.82 or 0.549

Al | For awrt both x =1.82 and 0.549

t‘
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Working in log base 4

For changing the base of the log correctly in at least one term

log, X 3log, 2
log, x* +log, x> —3log, 2= —4"—+1 L Sl
Ml gz gA gx |0942 4 |0g42
For using the power law in at least one term
M1 | 3log, x +2log, X_3Iog4 2 0
log, 2 log, 2
_ 1 3
B1 | For either 09,2 =3 or log,8 =5
M1 | For multiplying through by log, X 6(log, x)2 +2(Iog4 X’ )2 —g =0
For simplifying and obtaining two values for 10g, X
3 3
M1 | 8(log, X}’ => = (log, X)’ =~ = lo x:i\/:
(log, x)" =2 = (log, x)" = == log, T
NB: If they discard one value at any stage do not award this mark.
For removing the log to find at least one value for x using a valid method.
M| ool "
Xx=4 ~ . or x=4 "%~ .
Al | For either awrt x =1.82 or 0.549
Al | For awrt both x =1.82 and 0.549

Working in log base x

For changing the base of the log correctly in at least one term

log, x> log, x°
log, x* +log, xX* —3log, 2 =—2" 4+ —x=__3Jog, 2=0
M1 9 9 9 log, 2  log, 4 9
For using the power law in at least one term
m1 | 3log, x N 2log, X _3l0g, 20
log,2 2log, 2
3
For log, x =1 + —3log,2=0= -3log,2=0
51 o log, 2 log, 2 : log, 2 ’
1 For multiplying through by log, 2
4-3(log, 2)" =0
.. . : 4
M1 For obtaining two values of 109, 2 using a valid method (IogX 2= i\/gJ
NB: If they discard one value at any stage do not award this mark.
For removing the log to find at least one value for x.
M1 4 3 _A _ B
2=x‘£:>x=2ﬁz.... or 2=xX \E:x=2 \/;z
Al | For either awrt x =1.82 or 0.549
| A1 | For awrt both x = 1.82 and 0.549
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Question |

Scheme

| Marks

As with many log questions, there are a number of ways of reaching a correct answer.
The first scheme shows 3 common routes, with a set of general principles in the notes.
Not all variations in methods will have been captured, please mark to general principles,
referring ANY work where this is not possible and worthy of marks to REVIEW.

This includes work that converts everything to completely new bases.

11 2log,x = log, 3y?
Egl
2log, x _ log, 3+ log, y* = 2log, x —2log, y=1
log, 4 log, 4 M1B1
= log, x—2log, y=1 oe M1iM1
log, x* +8log, y =13
3log, x+8|0i9y=13:>3log2 X+4log,y=13 oe
3
Solves the simultaneous equations by any method to find a value for
I I
0g, x or log,y dddM1L
3log, x+4log, y=13 oe
log, x—2log, y =1 oe
= log x—E or log _10 oe A
2 5 3y 10
15 10
5 0 M1 Al
x=2%=8 =30=3
d [8]
Eg2 2log,x = log, 3y?
2log,x = log, 3+ log, y* = 2log,x =1+ 2log, y oe
M1B1
log, x* +8log, y =13 M1M1
3
log, x + 8log, y =13= 2log, x> + 4log, y =13
log,2 log,9
= 6log, x+4log, y =13 oe
Solves the simultaneous equations by any method to find a value for
log, x or log,y
2log,x=1+2log,y  oe dddm1
6log, x+4log, y =13 oe
15 10
=log,x=—, orlo =— o€ Al
94 10 93y 10
15 10
= = M1 Al
Xx=41 =8 =310=3
d [8]
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Logarithmic Functions and Indices (1)

Eg3 2log,x = log, 3y?

2
2log,x = Iolgg 3;’ = log,x = log, 3y* = log,x = log, 3+ log, y*
og

9 M1B1
= log,x=0.5+2log, y oe M1M1
log, x° +8log, y =13
log, x° s 13
—=—+8log, y=13=log, x* +4log, y =—

log, 2 9o Y 94 9y Y >

= 3log, x+4log, y:% oe

Solves the simultaneous equations by any method to find a value for

log, x or log,y

13

3|og4x+4loggy=? oe dddM1

log,x=0.5+2log, y oe

= log x—E or log y—E oe Al

710 °7 10
15 5
X:410:8 y:glozs M].Al
[8]

An aid to marking (please also see more detailed notes).
Correct application of addition/subtraction law, anywhere in working. M1
Once seen, ignore any other incorrect applications.
Any correct evaluation of a log, a” =b seen. Bl
Look for implicit evaluation during change of base of log. a, b rational.
Correct application of the power law seen once anywhere. M1
Once seen, ignore any other incorrect applications.
Any correct change of base seen once anywhere. M1
Once seen, ignore any other incorrect applications.
Solve a pair of simultaneous equations — one error permitted, see detailed notes for dddM1
required form.
One correct log equation following from this solution. Al
Undoing a log of the required form — see detailed notes. M1
Both correct values of x and y. Al

Note also that:
2log,x =log, x or 8log, y =4log, yor log, x* =2log, x’or log,3y* = 2log, 3y’

will normally imply B1 and 3" M1

7
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ALT1 | 2log,x = log,3y?
2log, x 2 2
——=—=log,3y° = log, x=1log, 3 M1
log, 4 g; oY 9, g; oY
log, x* +8log, y =13= 3log, x +8log, y =13 Bl M1
3log, 3y® +8log, y =13 M1
log, y

log, 27y® +8——=2 =13

g; 21y log, 9 dddM1
log,27y® +4log, y =13
log, 27y® +log, y* =13
log, 27y" =13 Al
27y" =3

313

:10/_ =3
y 27 M1
log, x =log, 3x3* = log, x =3 AL
x=2=8 8]

ALTZ | 2log,x = log, 3y°

3log, x =%I0933y2 = log,x* =glog33y2 M1
log,x> 3 ) 3 ) B1 M1
—=2—=—log, 3y" = log,x” =3log, 3

log,2 2 939y 9, 939y
3log, 3y? +8log, y =13 M1
log, 27y° +8|09—3y =13

log, 9

log, 27y® + 4log, y =13
log, 27y® +log, y* =13

g; 21y g3y dddM1
log, 27y* =13 Al
27y10 :313
y =10 ﬁ = 3 Ml

\} 27

log, x=1lo0g,3x3* = log, x=3 AL
x=2=8 8]

Total 8 marks
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Mark

Notes

M1

For any correct application of the addition (or subtraction) law eg
log, 3y’ =log, 3+ log, y*
Seen anywhere in their working once, ignore any other incorrect applications.

Bl

For log,;3=1or if students do a change of base first, this mark can also be awarded for
example for log, 4= 2 or log,9=2or log,2= 0.5 or logy,3=0.5 - note that this

evaluation may not be explicitly seen, but seen in the simplification of an equation,
particularly following a change of base of logs.

This mark may be awarded for any correct use of log, a” =b seen. a, b rational.

M1

For applying the power law correctly with either log, x* or log, y*
p=2or4 gq=30r9
Seen anywhere in their working once, ignore any other incorrect applications.

M1

For changing the base of any log in either equation.

I
eg 2Iog4x=%or 8Ioggy=Mor log, xX* = 09, X

0g,4 log, 9 log, 2 - log, 3
This mark may be awarded for any correct change of base of logs seen.
Seen anywhere in their working once, ignore any other incorrect applications.

dddMm1

For solving their simultaneous equations by any valid complete method.
Allow one error.
Candidates must reach a value for

log, x" or log, y" p=2o0r4 g=3o0r9 m,n constants
Dependent on all 3 previous method marks.

The equations must be in a form with log, ax" and log,by™ in p=2or4 q=3o0r9

All methods of solving (substitution and elimination being the most common) are
valid.

Al

For the correct values of
log, x" or log,y" p=2or4 g=3o0r9 m,n constants

Markers will need to check the solution of candidates’ simultaneous equations, but
more than one error seen will result in dddMO0 and AO.

The question asks students to show their working clearly.

This accuracy mark would generally only be gained after clearly seeing the work
for the previous 4 method marks. If there is a solution where it is clear the student
is working more concisely and fully correctly, perhaps taking shortcuts or missing
the odd step — please send this to Review.

M1

For a correct method to ‘undo’ the logs on any equation of the form
log,ax" =E or log,by" =F p=2or4 g=3or9,E, mand n are non-zero

constants.

Al

For the correct values of x and y
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ALTS | For any similar methods mark using the same principles, but send to Review, if
not clear how to implement these.
Al\lﬂ_l For change of base of log eg 2log, x =2 :zgz: or 8log,y =8||(;g—zg
This mark may be awarded for any correct change of base of logs seen.
Bl | For log,4=2o0r log,9=2.
This mark may be awarded for any correct use of log, a’ =b seen. a, b rational.
M1 | For applying the power law correctly with log, x°
or in reverse 3log, 3y’ = log, 27y°
M1 | For correctly using log, x = log, 3y* in 3log, x+8log, y =13
dddM1 | For using the addition (or subtraction) law in reverse log, 27y® +log, y* = log, 27 y"
Al | For log,27y" =13
M1 | For a correct method to undo logs.
Al For the correct values of x and y
A'\|7|1'2 For applying the power law correctly in reverse 3log, x = log, x*
Bl | For log,4=2or log,9=2.
This mark may be awarded for any correct use of log, a” =b seen. a, b rational.
M1 For change of base of log eg 2log, x =2 log, x or 8log,y=8 log, y
log, 4 log, 9
This mark may be awarded for any correct change of base of logs seen.
M1 | For correctly using log,x*= 3log, 3y? in 3log, 3y’ +8log, y =13
dddM1 | For using the addition (or subtraction) law in reverse log, 27y® +log, y* = log, 27 y*°
Al | For log,27y" =13
M1 | For a correct method to undo logs.
Al For the correct values of x and y
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Question Scheme Marks
number
5(a) log,32 5 25
10g432:10g;425* or 10g432:10g442 :5* M1Alcso
2
(2]
5
_ 5 _
or log,32=1log, 2" = E*
ALT
log,32=a =4%=32 :>a:§ * {M1}{Al}
2 CSO
[2]
b 1
®) logzx—log432+zlogxl6:0
Let log, x=Y
log, 16
g2 leg o)y oo S 1 MI
2 4] log, x 2 log, X
1
=y 201y
2y
=2y’ —5y+2=0 MI1A1
=(2y-1)(y-2)=0 MI
1
:y:10g2X=§or2 Mi
91 92 _
=x=2"=+2 and x=2*=4 MIAL
[7]
Total 9 marks
(@
log, 32 5
M1 For log, 32 = 98272 o log, 32 = log, 42 or log, 32 =log_, 2°
log, 4 2
ALT
M1 For 4% =32
Al cso | Obtains the given answer with no errors in the working
(b)
1
M1 Use of log, X _ 08 X or log, b= !
log, a log, a
M1 Forming a 3TQ
Al 2y =5y +2=0
M1 Solving the 3TQ
M1 For y=10g2x:%or2
M1 EitherX:2%:\/§ or X=22=4
Al Both x=2 =+2 and x=22=4
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Question Scheme Marks
9(a 3
( ) (|0938=%3ja4 28(382(%)4)216 M1A1
[2]
(b) 4log,8 6xlog,8
3xlog, x—4log,,8+6xlog, 8—log, x =)3xlog, x — 2— 4 2——log, x
(3xlog, o 9,8-log, x=)3xlog, 00,16 " Tog. 4 °%% | M1
= 3xlog, x—log, 8+3xlog, 8—log, x M1
=(3x-1)log, x+(3x-1)log,8  or  3xlog,8x—(1)log,8x
X - Xe M1A1l
= (3x-1)log,8x or log,(8x)™ +log, (8x) " =log, (8x)"" * cso
[4]
ALT 4log,8 6xlog, x
3xlog, x—4log,,8+6xlog,8—1log, x =)3xlog, x — 2— 4 2_ —log, X
(3xlog, Jss g,8-log, x=)3xlog, 09,16 " log,4 % M1
— 3xlog, x—log, 8+ 3xlog, 8—log, x = log, x** —log, 8+ log, 8% - log, x M1
3x
(= Iog2(8x)3x—IogZSX:)Iogz((S;) j or log, ((8x)° x(8x)™)
X
- M1A1
or log, x**8** =log, (8x)” * CsO
[4]
“Box 3” of partb

We will see unanticipated methods once live marking begins.

If the answer is correct and there is no incorrect working, check the work carefully, to ascertain if
they’ve shown enough steps to demonstrate use of the three main log laws this question tests and
award full marks. If in any doubt at all — the response MUST be sent to review.

Other than this exception, please mark to the following rules.

Also use these rules if students don’t gain the 2" or 379 M under the main or ALT schemes.
e M1 for any correct change of base to base 2
e M1 for any two correct applications of the power law or for

axlog, 8x+blog, 8x = log, (8x)™" or (ax+b)log,8x = log, (8x)™" a,b=0

e M1 for any two correct applications of the addition or subtraction law
In each case — ignore any incorrect working.
Poor or incorrect bracketing may not be recovered in this question. (general principle of
marking is usually that it can).

(©) [Iog2 (8x)"" =0= log, (8x)™" =log,8" or (3x—1)log, (8x)= O}

1
:>3X—1=O:>X=§ M1A1

:>8x:l:>x:% Al

[3]

Total 9 marks

7

95



MARK SCHEME - Paper 1 - June 2024 - Q9 Logarithmic Functions and Indices (1) < QUESTION

Part | Mark Notes
(a) M1 . R 4
For undoing the log to obtain a* =8 or (a=)83
Al |Fora=16
M1 Al may be awarded for just seeing a = 16 unless from a string of incorrect work.
Poor notation may be seen.
(b) M1 | For correctly changing the base to base 2 on at least one log, anywhere in their work.
This may be implied and the mark awarded for eg
4] 41 12
4log,; 8= 09, 8 or 09, 8 or log,8 or — or 3 or
log,16 4 4
6xlog,8 = 6xlog, 8 or 6xlog, 8 or 3xlog, 8 or 9x
log, 4
M1 | For (3x-1)log, x+(3x—1)log, 8
M1 | For correctly applying the power log law to their expression of the form
(ax+b)log,8x a,b=0
In general, poor bracketing may be recovered, but as this question is a show question,
it generally cannot be recovered eg do not accept 8x**
Al | For the correct expression, minimum steps as shown with no errors or omissions.
Ccso
ALT M1 | For correctly changing the base to base 2 on at least one log.
This may be implied and the mark awarded for
4log,, 8 = 4log, 8 or 4log, or log,8 or 12 or 3 or
log, 16 4 4
6xlog,8 = 6xlog, & or 6xlog, or 3xlog, 8 or 9x
log, 4
M1 | For log, x*” —log, 8+ log, 8% —log, X
M1 | For correctly applying the subtraction law to an expression of the form (see the MS
for minimum steps) log, x* —log, 8” +log, 8* —log, x°
The step in brackets doesn’t need to be shown.
Do not permit only eg log, (x3X +8x8% + x) as a sufficient minimum step.
In general, poor bracketing may be recovered, but as this question is a show question,
it generally cannot be recovered eg do not accept 8x** x8x™
Al | For the correct expression, minimum steps as shown with no errors or omissions. .
SC4 | For working on both sides with no errors and achieving Ihs = rhs
Note, this is an exception to what we normally allow in a show that question (ie
working on both sides until agreement)
(c) M1 | Forsetting 3x—-1=0 or 8x=1
This mark may be implied by a correct answer.
Al . 1 1
For eitherx = = or =
3 8
Al For both x = 1 and 1
3 8

7
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<QUESTION

7(a)

) A Bl

Shape and
position

(_31 0)

| B1
Intersection
: with x-axis

(O, _1)
K 7 Bl

Intersection

K i g with y-axis
Bl
X =—4 Asymptote
[4]

(b) log, 256

log, (x+4)
= 4—(log, (x+4)) =0=(log, (x+4)) =4 M1
= log, (x+4)=+2

log,,., 256 - log, (x+4)=0= —log,(x+4)=0 M1

M1
X+4=4"=x=12 Al

x+4=4—2:>x=—§ or —3.9375 Al
[5]

Total 9 marks

N
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Part | Mark Notes
@ For the correct shape in the correct position.
Ignore intersections and the asymptote for this mark.
Award as long as the curve is the correct way around in quadrants 2, 3
and 4.
The ends must not turn back in themselves.
Do Not accept for example:
Bl vA
0—
If there are two or more lines, and candidates have not made clear
which ONE they want marked— award BO
For a line/curve passing through (=3, 0) or accept x = -3
Bl . .
Do not accept stopping at the axis.
B1 For a line/curve passing through (0, —1) or accepty=-1
Do not accept stopping at the axis.
B1 For the correct equation only of the asymptote.
If they also give a horizontal asymptote then do not isw — it is BO
(b) | Method 1 - Works in log base 4
M1 | For changing the base of the log to base 4
M1 For forming a quadratic in terms of (x + 4)
Accept a substitution for the log
M1 For taking the square root and undoing the log.
Accept just the positive root for this mark.
Al | Foreitherx=12or _53
16
63
Al | For both x =12 and BT
Method 2 — Works in log base (x + 4)
For changing the base of the log to base (x + 4)
log X+4
M1 |Og(x+4) 256 _M =0
09 .0y 4
Changes log,,, (x+4)=1 and log,, , 256=4log,., 4
M1 | And forming a quadratic equation with log base (x + 4)
2
(Iog(M) 4) :% Accept a substitution for the log
Takes the square root (accept just the positive root) and undoes the log
M1 1 1 1
1094 4:1534:(x+4)2 and 4=(x+4)2
Al | Foreitherx=12or 53
16
63
Al | For both x =12 and BT

7
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<QUESTION

Method 3 works in an unspecified base. If it is just log, assume base 10
For changing the base
M1 | log256 log(x+4)

log(x+4) log 4

M1 | FormsaQE intermsof (x+4) 4(log4)’ = (Iog(x+4))2 oe
Takes square root (accept just the positive root) and undoes the log

+2log4 =log(x+4)= Iog4=i%log(x+4)

1
ML log4=log(x+4)2

N

= 4=(x+4)

=16=x+4, i=x+4
16

Al | Foreither x=120r -
16

- 63

/Al | For both correct values x =12 and 16




< QUESTION

9() | (3(log,9+log, 27) =1)
1 M1
3(2log,3+3log,3)=1 oeeg 2Ioga3+3loga3:§
1
log,3=—
9 15
1
a®=3 or log,a=15 M1
_\nl5
(@=)3 Al
ALT [3]
3(log,(9x27)=1 oeeg 3(log,(3")) =1
1 1 M1
log, (9% 27) = 3 oeeg log,(3%)= 3
1 M1
a3 =9X 27 Al
(a=)3" [3]
() | (log, p+1log, 256 = —4)
lo
log, p+ Iog4256=—4 or 9 p+Iog,,256=—4 M1
log, p log,, 4
(log, p)° +log, 256 =—4log, p  or (log, p)+(log, 256)(log, 4)=-4log, 4 dM1
(log, p)’ +4log, p+4(=0) or 4(Iogp4)2+4logp4+1(=0) Al
2 2
((log, p)+2) (=0) or ((2Iogp4)+1) (=0) M1
log, p=-2->p= or Iogp4=—%—> p= M1
1 Al
=)— oe 6
(P=); (6]
Total 9 marks
INZ)
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Part | Mark | Additional Guidance
When marking (i) stick to 1 ALTERNATIVE only — eg it’s not possible to gain M2 for an application
of a power rule and an addition rule with logs.

Look out for equivalent working, particularly the use of
log , c= 1 log,
gab - b ga

Send any work that you may think uses a different method worth partial marks to Review

Q) M1 For correct use of the rule log, A® =blog, A
This mark may be awarded anywhere the power rule is correctly used once in working,
in either direction, even if there’s other contradictory work.

M1 L
For a rearrangement of 3(blog, 3+clog,3)=1 to a%*® =3 or log,a =3R R>1 Se€en

anywhere in the working, even if there’s other contradictory work.
Allow errors in rearrangement.
May be implied by any correct value for a not in the required form

eg 14348907,(3°)" (3°)",9
Al (a=)3"
ALT M1 | For correct use the rule log, A+log, B =log, AB

This mark may be awarded anywhere the addition rule is correctly used once in
working, in either direction, even if there’s other contradictory work.

M1 1 . .
For a rearrangement of 3(log, (CxD))=1 to a®=CD seen anywhere in the working,

even if there’s other contradictory work.
Allow errors in rearrangement.
May be implied by any correct value for x not in the required form

eg 14348007,(3°)’,(3°)",97

Al (a=)3"

(i) M1 | Correct use of change of base of logs.

This mark may be awarded anywhere a change of base of logs is used correctly once in
working, even if there’s other contradictory work.

dM1 | Rearranges their equation to a 3 term quadratic (= 0).
Allow errors in rearrangement so long as reach an expression of the form

p(log, p)° +qlog, p+r=0 or s(logp4)2+tlogp4+u=0 p,q.r,s,t,u=0

Al Correct 3 term quadratic( = Q) as shown.
M1 | A minimally acceptable attempt to solve their 3 term quadratic, see general guidance.

Students may have used an alternative variable here for 109, p or |ng 4

The mark is for a minimally acceptable attempt to solve a 3TQ — see general guidance.
The correct value from the correct quadratic implies this mark, otherwise method must
be shown.

M1 Correctly coverts their log equation into a value for p.

ie log, p=F—>p= or log,4=G—p=

Al

1
For(p =)— oe
(p )16

7
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< QUESTION

8@ | (5p-4)(p-1)=0

p=i,p=1 MI1AI
> 2]
(b) 57 —9(5%)+4=0=5x5" =9(5")+4 =0 Ml
55=1x=0 Al

X 4 4

[4]

(C) 52x+1+5x =2(5x+1)_4
571 -9(5%)+4=0 Ml
x=0 y=5+1=6 (ory=2x5-4=6) (0,6)

Al
4 4Y 4 4
x=—-0.1386... 5 == y=5x| 2| +2=4|ory=10x——4=4
57 (5) 5 ( r=S ) Ml
(=0.139,4) Al

(4]
Total 10 marks

Additional Guidance
(a) | M1 | For an attempt to solve the given quadratic. Note: they must arrive at two values of x that
must follow from their factorisation.
Minimally acceptable attempt are as follows;

(5pi4)(pil):>p=i§,il

(5pil)(pi4):>p=i%,i4
(5pi2)(pi2):>p=i%,i2

Al 4
For ng,pzl or p=038, p=1

(b) | MI | For changing 5**' =5.5* forming the 3TQ shown 5x 5% — 9(5" ) +4=0

and using the factorisation in (a) to find one value for x.

Al | Forx=0

M1 | For finding the second value of x arising from their factorisation.

Al | Forx=-—0.139

(c) | M1 | For setting the equation of the curve = to the equation of the line, forming a 3TQ and
finding one set of coordinates. Follow through their factorisation from part (a).

A1l | For the coordinates of (0, 6)

M1 | For finding the second set of coordinates.

Al | For (—0.139,4)

l}’;/‘
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Logarithmic Functions and Indices (1)

< QUESTION

Question Scheme Marks
number
7 (a) Shape of the curve, crossing negative x-axis and positive y-axis with the B1
asymptotic nature of the curve shown.
passes through logie2 (0.3(010...... )) and through (-1, 0) on x-axis Bl
A [2]
Note: The 2
asymptote is not
required to be seen ///ﬂ_
1 §—2 0 2 =¢1
-1 log,, 2
b 2
(b) (2Ioga4+2loga4 ) . (2log, 2% +2log, 2*) M1
2log, 4+4log, 4 4log, 2+8log, 2
1 1
log.4== or | 2=_— oe dm1
09, 6 09, 12
1 1
at =4 or a? =2
a = 4096 Al
ALT
(2)log, 64=1= log, 64:% [M1
1
=a’=64 dm1
= a=4096 Al]
[3]
c log,1 lo 1
© log,16 — 09, 16 log, q — 9.9 M1
log, q log, 2 log, 2
log, 16 lo
50920 +4log, q =24 5log 16+4—310 _ o4
log, ‘ log, 2
2 _
20+4(log, q)° = 24log, q 20(log, 2)? +4 = 24log, 2 M1 Al
(log, q-5)(log, -1)(=0) (5log, 2—1)(log, 2—1)(=0) dm1
1
log, g =5) > q =32 (Iongzgj_)q=32
(log,q=1)>q=2 (log,2=1)>q=2 [6]
Total 11 marks

t .
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103



MARK SCHEME - Paper 1R - June 2022 - Q7 Logarithmic Functions and Indices (1)

< QUESTION

Part | Mark Additional Guidance
@) The curve must not bend back on itself and should cross both axes once on negative
Bl x and once on positive y. It needs to demonstrate an asymptotic nature. Accept an
asymptote drawn correctly as well as their curve.
It is enough for —1 to be indicated on the x-axis with the curve passing through this
B1 point and for logi02 to be marked on the y- axis (decimal 0.3...... allowed)
There must be a curve drawn (even incorrectly) to achieve this mark.
Do not accept intersections unless they are marked on the graph in the correct place.
(b) M1 For the use of the power rule with logs to obtain 2|09a 4 from Ioga16
or 4log, 2 from log, 16
1 1
A correct rearrangement of their equation to obtain for example aé =4 or a2 =2
or even of the type a' = 642
dM1 | There are many ways of completing this. Look for a correct value for the
corresponding correct power of a.
This mark is dependent on the first M mark. Look for correct log work for their
values.
Al For a = 4096
ALT | M1 | For use of the correct log rule to obtain |0§]a 64
1
A correct rearrangement of their equation to obtain a2 = 64
dM1
This mark is dependent on the first M mark. Look for correct log work for their
values.
Al For a = 4096
(c) M1 | For a fully correct change of base of log to either base 2 or base g
For an attempt to rearrange and form a 3TQ quadratic.
M1 X ! 4
Allow one arithmetical slip only.
Al For the correct 3TQ.
dM1 Dependent on the second M mark — an acceptable attempt to solve the quadratic
equation — see general guidance.
For a correct application using either of their solutions moving from log form to
M1 | exponential form.
Note this is an independent mark.
Al Both correct solutions.

7
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<QUESTION

6 (i) 5(2log, 3+ log, 3) =3 M1
3 1
3log,3==|=log,3== M1
[ O, 5) O, 5
1 M1
b5 =3
b=2430r 3° Al
ALT
5log, 27 =3 M1
log, 27 = 3 M1
5
3 M1
b® =27
5 Al
b=243 or b=273 [4]
(i)
3log, x+3129227 _ 5 MLB1
log, x
, dm1
3(log, x)* +9 =28log, x
3(log, x)* — 28log, x +9(=0) = (3log, x—1)(log, x—9)(=0) ddM1
(log, x=)% and (log, x=)9 Al
1
x=3%3" oeexact form M[17']A‘1
Total 11 marks

N2
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Part | Mark Additional Guidance
Q) M1 Rewrites 9 as 3% and correctly uses the power log rule as shown.
M1 Collects terms as rearranges to give log, p=r, allow 1 error in rearrangement.
M1 Correctly converts their log equation to an exponential.
Al Cao
ALT M1 Uses the log addition law correctly to combine into a single log.
M1 Collects terms as rearranges to give log, p=r, allow 1 error in rearrangement.
M1 il
Rearranges to the form b* =r allow 1 error in rearrangement.
Al Cao
(i) B1 | Replacement of 8log,128=28, wherever we see
M1 For a correct change of the same base of logs on the Ihs of the equation
3
e.9.3log, x+3/2%:27 _ g or +3log, 27 =28
log, x log, 3
Allow slips on the coefficients
dM1 | For forming a 3-term quadratic in any form
e.g. 3(log, x)? +9 = 28log, or 3+9(log, 3)* = 28(log, 3)
ddM1 | For solving their 3-term quadratic using a valid method — see general guidance.
(Correct answers from a correct 3TQ scores this mark)
Al 1
For (log, x =)§ and (log,x=)9 or (log,3)=3and (log, 3) =é
M1 For correctly rearranging either of their equations, removes logs to find x =
Al

For both correct values oe exact form. E.g. X =19683, x = 3/5 isw

R
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Question Scheme Marks
number

10(i M1A1
0 Iog4(6y—5)=3:>6y—5=64:>y=§ oe 2]
(i) 2 _ —3x)2 M1
|og4(4_3x)2_wz3 or M—IOQZ(XZ—S):?)
log, 2 log, 4
1 2 2 3 1 2 2 B1
Elog4(4—3x) —log, (x —5):5 or Elog2(4—3x) —log,(x*-5)=3
Iog4(4—3x)—log4(x2—5)=g or log,(4-3x)—log,(x*-5)=3 M1
|0g ﬂ —§ or |og ﬂ =3
\x*-5) 2 \x*-5 M1
3 —
42 3X=42=8 or 42 3X=23=8
X =5 X =5 M1
8x> +3x—44=0
34432 = - 344/ Al
x=SEN3 > 48X8X “_ 3—161417 = {x=2.1651... or —2.540...
) M1A1
~.x=-2.54 (awrt)
Al
[9]
Total 11 marks
Part | Mark Additional Guidance
0] M1 | For a complete correct method to find the value of y

Al For the correct value

For part (ii) award the marks when you see them

(ii)

M1 | For change of base correctly to either 4 or 2

B1 . i . .
For replacing log, 4 with 2 or replacing log, 2 with %

M1 | For applying the power law correctly e.g.:

%Iog4(4—3x)2 = log, (4—-3x) or %Iogz(4—3x)2 = log, (4—-3x)

M1 | For applying the subtraction/addition law correctly

M1 | For correctly removed logs

Al For the correct 3TQ, “=0 “could be implied by later work

M1 For a correct clear method to solve their 3TQ, allow one/two solutions from a

calculator correct to 1dp (awrt) from a correct 3TQ

Al For two correct solutions, exact (allow embedded in a quadratic formula)

or x=2.17(awrt), x=-2.54(awrt)

or JUST x =-2.54(awrt) seen only, from a correct 3TQ, scores
M1A1AL(rejected 2.17 is implied)

Al For the correct solution. Accept awrt —2.54
The positive root must be rejected as it is not feasible.

7
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< QUESTION

9(a) 2log,9+3log; p=8
21089 3100 p=3g Ml
log, p
2log, 9+3(log, p)2 =8log, p M1
) Al
3(log, p) —8log, p+4=0
(3log, p—2)(log, p—2)=0 Ml
2 2
log, p=5 p=3' =39 (=2.08) Al
log,p=2 p=3"=9 Al
[6]
(b) _log,3 log,3 _ _ 2 _
log23—10g42—T—210g43—10g43 =k=2 MI1A]
2 (2]
(©) 6xlog, x—3xlog,3—5log, x+10log, 3
= 6xlog, x—5log, x—3xlog, 3> +10log, 3* v
=log, x** —log, x’ —log, 3" +log, 3” M1
_10 x6xx320
g4 x5x36x Ml
x6x—5
=log, o * é&
Total 12 marks

N2
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< QUESTION

Additional Guidance

(@)

Method 1 — Changing to log,

MI | For changing the base of log,9 to log,9
M1 | For forming a 3TQ
Al | For the correct 3TQ
3(log, p)2 —8log, p+4=0 inany form. Accept for example,
2log, 9+ 3(10g3 p)2 =8log, p
M1 | For an attempt to solve their 3TQ. They must obtain two values for log, p
Minimally acceptable attempts to solve the 3TQ are defined in General Guidance
Al | For either p=9or p= o [accept 2.08]
Al

Forboth p=9 and p= N [accept 2.08]

Method 2 - Changing to log,

Ml _ log, p
For changing the base of log, p to log,3 =3 1 B 3
og,
M1 | For forming a 3TQ
4(log,3) +3=8log,3
A1l | For the correct 3TQ in any form.
4(log, 3) ~8log,3+3=0
M1 | For an attempt to solve their 3TQ. They must obtain two values for log, 3
Minimally acceptable attempts to solve the 3TQ are defined in General Guidance
Al | For either p=9o0r p= o [accept 2.08]
Al | For both p=9and p= o [accept 2.08]
(b) | Method 1 — Changing the base to log, 3
M1 | For changing log, 3= log, 3 and finding the value of &
Al |Fork=2
Method 2 — Changing the base to log, 3
M1 | For changing the base of the log and obtaining a value for &
|
log,3=1log,3" =log,3=klog,3=k _ log,3
log, 3
1 1
=k= 0g, 3 =k= 0g, 3 =2
log, 3 log, 3
log, 4 2
Al |Fork=2
(c) | Mark this part in any order
M1 | For changing the base of both terms with log, to log,
M1 | For dealing with all the powers
M1 | For combining the logs together into one log term.
Al | For the final correct answer.

This is a show question, there must be no errors for the award of the final A mark

7
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< QUESTION

10@ | 1 _gs B1
243
9% =38 Bl
9% 9% _
_:3—5 36y _23(6y 5) %
243 X =>243 M1A1 cso
[4]
(b) 27(x-2) _ 33(x-2) _ 5(3-6) M1
6y-5=3x-6=(6y-3x-1=0) M1
1
log,2==
g, 5 B1
1
log,, y6xy = logy, (6xy) = log,, (6xy) =1 M1
1=1log,,10 = log,, (6xy) = log,,10 = 6xy =10 M1
3x-6y—-1=0
6xy =10
Method A
6y=E = 3x—9—1:0:>3x2—x—10=0 M1
X X
5
3x* —x—10=(3x+5)(x-2)=0=>x=2, -3 M1
3><2—6y—1=0:>6y=5:>y:§ Al
5
Bx(—g)—ﬁy—1=0:>—6y=6:> y=-1
X=2 y:%orx=—§ y=-1 Al
[]
Method B
3x=§:>5—6y—1=0:>6y2+y—5=0 M1
y |y
6y’ +y-5=(6y-5)(y+1)=0= y:%, -1 M1
3X—6X§—1=0:>3X=6:>X=2 Al
3x—6x(—1)—1:0:>3x:—5:>x:—g
X=2 y:§ orx=—§ y=-1 Al
6 3 [9]

Total 13 marks

‘Q\’}/.
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3x* —x-10=(3x+5)(x-2)=0=>x=2, —g

Question Scheme Marks
10 9
243
log,, /6xy =log, 2
@) Writes down —— = 3° Bl
243
May be seen as i = 315 later correctly used as 375 when
combining terms.
Writes down 9% =3% Bl
3y
Combines the terms >— = 35 x 3% = 369
M1
For the correct expression with no errors.
9 ers Al
243 Cso
[4]
(b) For dealing with the power of 3 to give 27"°% =32 =3®F) M1
For equating the powers of 3 to give the equation
6y-5=3x-6=(6y-3x-1=0) M1
. 1
For stating log, 2_5 B1
For dealing with the square root
1 1 M1
log,, \/6Xy = > log,, (6xy) = 5= log,, (6xy) =1
For correctly removing all logarithms from the second equation M1
1=1log,,10 = log,, (6xy) = log,,10 = 6xy =10
3Xx-6y-1=0
6xy =10
Method A
For substituting
. . . . M1
6y = 10 into the linear equation to give 3X—Q -1=0 and
X X
attempting to forma 3TQ 3x*—x-10=0
OR for substituting
y ==<(3x — 1) into 6xy = 10 to give x(3x — 1) = 10 and
attempting to forma 3TQ 3x*—-x-10=0
For attempting to solve their 3TQ
M1
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For finding the values of y
3><2—6y—1:0:>6y:5:>y:§ Al
5

3x(—§j—6y—1:0:>—6y=6:> y=-1

Al
5 5
X=2 y=—o0orx=—— y=-1
y 5 3 y [9]

Answers must be given in pairs, pairing may be implied from

working.

Method B

For substituting

3x= 10 = 3X= > into the linear equation to give E—6y—1= 0 M1

2y y y

and attempting to form a 3TQ 6y*+y-5=0

OR

for substituting x = %(631 + 1) into 6xy = 10 to give

2(6y + 1)y = 10 and attempting to form a 3TQ 6y*+y-5=0

For attempting to solve their 3TQ
M1

6y’ +y-5=(6y-5)(y+1)=0= y=§, -1

For finding the values of x

3x—6><§—1=0:3x:6:>x:2 Al

5
3x—6><(—1)—1=0:>3x:—5:>X:—§
5 5
X=2 y=—0rx=—= y=-1
Y=5% 3 Y Al
[9]
Total 13 marks
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