1)

2)

3)

@

(b)

@
(b)

(©)

(d)

@

attempt to apply rules of logarithms ~ (M1)
eg. Inabzblna, Inab=Ina+Inb
correct application of In & =blna (seen anywhere) Al

eg. 3nx=In X

correct application of In ab =Ina + In b (seen anywhere) Al
eg.In 5 =In5+Inx

0In5¢=In5+3Inx

g(x) =f(x) +In5 (accept g (x) =3Inx +In 5) Al

transformation with correct name, direction, and value A3

0
nsj , shift up by In 5, verticd trandation of In 5

e.g. tranglation by {I

B,D Al1A1 N2 2

(i) f(x) = —2xe™ A1A1l N2
Note: Award Al for ¢ ¥ and Al for —2x.
(i)  finding the derivative of -2x, i.e. -2 (AL
evidence of choosing the product rule (M1)

eg. —2e _2xx-2xe *

—2e 1 4x%e Al
fr) = (@xe-2)e" AG
valid reasoning R1
eg.f"x)=0
attempting to solve the equation (M1)
eg. (4 - 2) = 0, sketch of f "(X)
p= o.7o7(= i} q=-0.707 (=—iJ ALAL
J2 V2

evidence of using second derivative to test values on either side of POl M1
e.g. finding values, reference to graph of f”, sign table

correct working Al1A1
e.g. finding any two correct values either side of POI,

checking sign of f " on either side of POI

reference to sign change of f "'(x) R1

combining 2 terms (AL

N14

NO5

N34

NO4

[7]

[15]



e.g. logz 8x —logs 4, Iog3% X +logz 4
expression which clearly leads to answer given Al

8x 4x
eg. log, 3 log, >

f(x) = logsz 2x AG NO2
(b) attempt to substitute either value into f (M1)
eg.logs 1, logs 9
f(0.5)=0,f(45) =2 A1A1 N33
(¢ () a=2,b=3 AlAl NIN1
(ii)
: St B i T w e T r e
| L iy N i N
; B L il A 1 FLE
i + AT s
Ems e
' : HHH T
- R
0w b LR i

A1A1A1 N3
Note: Award Al for sketch approximately through

(0.5+0.1,0+£0.1)

Al for approximately correct shape,

Al for sketch asymptotic to the y-axis.
(iii) x=0 (must be an equation) Al N1

(6]
(d f'0)=05 Al N11

()



4) @

(b)
(©)

Note:

AlA1A1Al

Award Al for sketch approximately through (0 + 0.1,
05+0.1),

Al for approximately correct shape of the graph
reflected over y = X,

Al for sketch asymptotic to x-axis,

Al for point (2+ 0.1, 4.5+ 0.1) clearly marked and
on curve.

interchanging x and y (seen anywhere) (M1)

eg.x= Iog\/§ (accept any base)
evidence of correct manipulation

Al

1

eg. 3= Jy,? =x5,x=% logsy, 2y = logs x

(%) = 3
y>0,fi(x>0
METHOD 1

finding g(2) = logs 2 (seen anywhere)

attempt to substitute

eg. (= 9)(2 = 3°%2

evidence of using log or index rule
eg. (FHog)(2) = 394 3l09:2°

(Fog)(2 =4

N44

[16]

AGNO
AIN1

Al
(MI)

(A1)

AIN1



5)

6)

7)

METHOD 2

attempt to form composite (in any order)
eg. (' o g)(x) = 32°%*

evidence of using log or index rule
e.g.(f_l o g)(X) = 3'°% x? ’ 3Iog3x2
(o9 =x"

(02 =4

recognizing log a + log b = log ab (seen anywhere)
e.g. logy(x(x — 2)), X — 2X

recognizing log, b = x < a* = b (seen anywhere)
eg. 2°=8

correct smplification

eg.x(x-2) = 23, xC—2x -8

evidence of correct approach to solve
e.g. factorizing, quadratic formula

correct working

eg. (X=4)(x+ 2),
X=4

@

(b)

@
(b)

2+/36
2

(AD)

(A1)

Al

(M1)

Al

A2

correct substitution into the formulafor the determinant (A1)
eg. detA=96" x e¥— " x &

det A= 9e™ — %

recognizing that no inverseimpliesdet A=0
eg. 9™ -e*=0,ad-bc=0

attempt to solve equation

1
eg. = e e =9 e®(96” - 1) =0, 9™ = &

rearranging to get correct log equation

eg. 2x= In%,—2x=ln9,ln(9e4x)= In(e®*)

isolating x

e.g.xllni,x=—lln9,x=ln}, a=—£,b=9
2 9 2 3 2

x=-In 3 (accepta=-1,b=23)

5 Al N1
METHOD 1

(MI)
(A1)
Al

AIN1
[7]

N3
[7]

AIN2
R1

(M1)

(A1)

Al

AIN3
[7]



8)

@

(b)

Iogz[:zzyX j =log, 32* -log, 8’
=xlog, 32-ylog, 8

log, 8=3

p =5, q=-3 (accept 5x — 3y)
METHOD 2

32* _ (2°)*

8y (2%

25X

5%-3
=2 Yy

log, (27 = 5x - 3y
p =5, q=-3 (accept 5x — 3y)

METHOD 1

recognizing that f(8) = 1
eg. 1=klog, 8

recognizing that log, 8 = 3
eg. 1=3k

METHOD 2
attempt to find the inverse of f(x) = klog, x

eg.x=klog,y,y= ZE
substituting 1 and 8

eg.1=klog, 8, 2% =8

o (3
k= k==
log, 8 3

METHOD 1

recognizing that f(x) = %

e E—Elog X
-g- 3 3 2

logo x=2

~(2)_, _
3= (accept x = 4)

METHOD 2

(A1)

(A1)
(A1)
AIN3

(A1)

(A1)

(A1)

AIN3
(5]

(M1)

(A1)

AIN2

(M1)

(M1)

AIN2

(M1)

(A1)

A2N3



attempt to find inverse of f(x) = % log, X (M1)

e.g. interchanging x and y , substituting k = % intoy= ZE

correct inverse (A2
eg. fi(x) = 2% 2*
12
f 3 =4 A2N3
[7]
9) €) loga10=1loga (5% 2) (M1)
=logy 5+1log, 2
=p+q Al N2
(b) log, 8=1l0g,2° (M1)
=3log, 2
=3q Al N2
(c) log,25= Iogag (M1)
=logy 5 —log, 2
=plq Al N2
(6]

10.) (@ For finding second, third and fourth terms correctly (AD(AD(AY

4 1 4 2
Second term{ jes(—j, third term( JeZ (EJ ,
1 e 1 e
4\ (1)°
fourth term el =
1 e

For finding first and last terms, and adding them to their
three terms (A1)

Eﬂ@e‘*+(;‘Je3(zj+(;‘)ez@2@e@z
Eﬂif etvae3)sa (3] 2] (1)

:e4+4ez+6+iz+i4} N4



(b)

4 1
(=e4—4e2+6—§+e—4j (A1)
N 4 2
Adding gives2e + 12 + &
4 4,1V (4Y1)
accept? le*+2 |e?|=| +2 | =
o4 ) 1 .
11) (a ) loge. 15=1og. 3 + log. 5 (A1)
=p+q Al
(i) logs25=2log; 5 (A1)
() METHOD 1
1
d2=6 M1
d=36 Al
METHOD 2
For changing base M1
log,, 6 _1
—= =_ 2log,, 6=l0g,, d
eg log,d 2 010 J10
d=36 Al
12) (a) Ina’0 =3Ina+ Inb(AL)(AL)
In§b=3p+q Al
® Y21 na-inb (A1)(A1)
b 2
Ja 1
In —==p- Al
b2 P—-q
13) METHOD1
9=3, 27=3 (AL)(AL)
expressing as a power of 3, (3%)* =(3*)"™ (M1)
34>< :33—3>< (Al)
4x =3-3x (AD

e (i (]3]

7x=3

zj“
e

N2

N2

N2

N1

N1

N3

N3

[6]

[6]

[6]



0 x % (A1) (Ceo)
METHOD 2
2xlog9 = (1-x)log 27 (M1)(A1)(AD)
2x _log270Q 3 |
1-x log9 H 2 | (A1)
4x=3-3x (Al
7x=3
3
0 x 3 (A1) (Ce)
Notes: Candidates may use a graphical method.
Award (M1)(AL1)(AL) for a sketch, (Al) for showing the point of
intersection, (A1) for 0.4285...., and (Al) for ;
(6]
O x |
14) (a) log, x—log, (x 5) Ieggm { (A
A=2 (A1) (C2)
X—5
Note: If candidates have an incorrect or no answer to part (a)
award (A1)(A0)
X
< lod X : '
if g(X_SJseenlnpart (b
(b) EITHER
Ox 0O
lo 1
%5
X =3(=3) (ML)AL)(AD)
X=5
x=3x-15
-2x =15
x=l—25 (Al (C9
OR
log 0x 0O
-5 H, (M1)(AL)
log,,3
0 x O
IOgloBE EIOglo?’ (A1)
X=75 (AD) (c9

[6]



15) METHOD1

16.)

X _ 2 \/_
lo ———= | =logygx—lo -lo Z
010 (yzﬁJ J10 JuoY O10

logioy” = 210g10y

1
Iogm\/E =5 log z

log X =log x—2logy—llogz
10 vz 10 5

1
=p-29- —=r
pP-2q >

METHOD 2
2 I
x=10,y°=10% 7 _102
10°

X
logig| ——= |=0g -
lo[yz\/EJ 10

1029102

ol oo

METHOD 1

logx® = 2logx

1
Iogﬁzzlogy
logZ’ =3logz

1
2Iogx+zlogy—3logz
2a+£b—30

2

METHOD 2

b
X =10%, Jy=10?, Z=10*

IOgloﬁz—g %Ic’gm T am3c

(AL)(AL)(AL)

(A1)

(A1)

(A1) (C2)(C2)(C2

(AD(AD(AD

(AD)

(A2) (C2)(C2)(C2

[6]

(A1)
(A1)
(A1)

(AD(AD)

(A1) (Ce)

(AD(AL)(AD)

(A1)

(A2)

[6]



17) (a)

18)

19)

=2y

1
logs— =
X

l0gos X =

—logs x

=y
log; X
log, 25

Ey

logp7 (X(x - 0.4)) = |

Iog5x2 =2logsx (M1)

X° - 0.4x = 27
X=540rx=-5
x=54
Note: Award (C5) for giving both roots.
Statement  (a) Isthe statement truefor all  (b) If not true, example

real numbers x? (YesNo)

A No x=-l (log;p0.1=-1)
B No x=0 (cos0=1)
Yes N/A

Notes: (a) Award (Al) for each correct answer.
(b) Award (A) marks for statements Aand B only if NO in

column (a).

(A1) (C2

(M1)
(A1) (C2
(M1)

(Al (C2
(6]

(M1)(A)

(M1)
(G2)
(A1) (C6)

[6]

@ (A3) (C3)
(b) (A3) (C3)

Award (A2) for a correct counter example to statement A, (Al)
for a correct counter example to statement B (ignore other

incorrect examples).

Special Casefor statement C:
Award (A1) if candidates write NO, and give a valid reason (eg

arctan1l= 5—n).
4

[6]



20.)

21)

22)

23)

METHOD 1

I09981+I099(£j +logg3=2-1+ 1
9 2
:>§ = logg X

>~ Jo

3
=>X= 92

=Xx=27
METHOD 2

log 81 + logg (é} +1ogg 3 = l0gg [8{%)3}

=logg 27
=>x=27

2
P )_ P
|0910[QR3 J = ZIOQIO(QR3 J

2logyg ( QFl;g J = 2(logyoP - |0910(QR3))

(@

y
X

(b) loga20=1log, 4+ log, 50rlog, 2 + log, 10

=2logy 2 +10g, 5

=2x+y
2x
a1_ (1
g _(3
32x—2:3—2x
2X—2 = -2X

(M1)

(AD)

(M1)
(AD) (C4)

(M2)

(A1)
(AD) (C4)

(M1)

(M1)

= 2(10910P - l0g10Q - 3l0g10R) (M1)
=2(x-y-32
=2x-2y-6zor2(x-y-32 (Al

log, 5
log, 2

log, 5= (M1)

a

(AD) (C2)
(M1)

(AD) (C2)

(M1) (A1)
(A1)

(A1) (C4)

[4]

[4]

[4]



[4]

24) 4% =15625x 107

(3x—1)log104 =10g101.5625 - 2 (M1)
log,1.5625— 2
=3X-1= log,, 4 (A1)
= 3x-1=-3 (AD
2
=x=-2 (A1) (C4)

[4]



