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Laws of Logarithms and Logarithmic Equations Exam Questions Sheet 2 MS

Q1.
Question Scheme Marks
number
2log x=log x* Bl
2 X
log, x" —log,(x-2) =log,—— M1
x—2
X
5 =9 Al o.e.
Solves x* —9x+18=0 togive x=..... Ml
x=3 ,x=6 Al
Total 5
Notes B1 for this correct use of power rule (may be implied)
M1: for correct use of subtraction rule (or addition rule) for logs
N.B. 2log, x—log, (x—2) = 2log, — 5 isMo
AL for correct equation without logs (Allow any correct equivalent including 3° instead of 9.)
M1 for attempting to solve ¥’ —9x+18=0 togive x= (see notes on marking quadratics)
Al for these two correct answers
Alternative
Method | log, x* =2+log,(x—2) isBl,
so  x*=3""""""? needs to be followed by (x*) =9(x—2) for M1 Al
Here M1 is for complete method i.e.correct use of powers after logs are used correctly
Common | 2jogx—log x+log2 =2 may obtain Bl if logx” appears but the statement is M0 and so
Slips leads to no further marks
2log, x—log,(x—2)=2 so log,x—log,(x—2)=1and log, X 1 canearn M1 for
x—
correct subtraction rule following error, but no other marks
Special log x° , X
Case ————=2 leading to =9 and then to x=3, x =6, usually earns BIMOAO, but may
log(x—2) x—2
then earn M1AL1 (special case) so 3/5 | This recovery after uncorrected error is very common)|
Trial and error, Use of a table or just stating answer with both x=3 and =6 should be awarded
BOMOAO then final M1Al ie. 2/5
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Q2.
guesnm‘l Scheme Marks
Number
: jay 2: log;(9x) = : i
(a) Way 1:log; (9x) =log; 9+log; x or Wsy 8;(9%) = log, Ml
=2+a =2+a Al
2
(b) 1-5 ;"a
Way l:loga(a =log,x’—1og;81 [or Way2 = log, = M1
3 / 3 3 &3
S_«g e - .
log x” = 5log x or log81=4log3 or = log, 3% M1
log81=4 }
Al cso
=5a—4
? 3)
‘_ﬁ
c log, (9x +log;('——]=3
(© S\ 00t o
Method 1 Method 2
£
=2+a+5a-4=3 10g3{9.1'.§]=(3 or log27) M1
5 x®
=a=— log;| — |=3orlog 27 Al
6 =4 W5 I3
3 K
= x=3% or log,,x=alog,,3 sox= NN S R S Ml
x=2498 or awrt x= 2498 or awrt Al
C))
If x = -2.498 appears as well or instead this 1s A0 Total 9
Notes for Question
(a) Way 1: M1: Use of log(ab) = log(a) + log(b) Al:mustbea+2 or 2+a
Way 2: Uses x =3 to give log;(9x) = log,3"**. Alfora+2 or 2+a
(b) Way 1: M1: Use of log(a/b) = log(a) - log(b)
M1: Use of nlog(a) = log(a)®
Way 2: M1 Use of correct powers of 3 in numerator and denominator
M1: Subtracts powers
Al: No errors seen
(c) Method 1: M1: Uses (a) and (b) results to form an equation in @ (may not be linear)
Al:a=awrt 0.833
M1: Finds x by use of 3 to a power. or change of base performed correctly
Al: x=2.498 (accept answer which round to this value from 2.498049533...)
Method 2: M1: Use of log(ab) = log(a) + log(b) in an equation (RHS may be wrong)
Al: Equation correct and sumplified
M1: Tres to undo log by 3 to power correctly, and uses root to obtain x
Al:x=2.498 (accept answer which round to this value from 2.498049533...) Lose this
mark if negative answer is given as well as or mnstead of positive answer,
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Q3.
Question Scheme Ilarks
Number ' ?
0 Use of power rule so log(x+ ay = lccnglﬁc:rﬁ or 2logix+a)=2 10g4a3 or
' M1
log(x +a) =log(16a%)*
Removes logs and square roots, or halves then removes logs to give (x+a)=4a’ i1
Or x* +2ax+a* —16a" = 0 followed by factorisation or formula to give x=4/16a" —a )
(x=) 1a° —a (depends on previous M’s and must be this expression or equivalent) Alcao
) )
(1 9y +b : : :
Wav 1 log; ﬁ =2 Applies quotient law of logarithms | M1
¥ 2y—
Ov+b 2 )
Oy+b) _ 3 Uses log; 3" =2 | M1
(2y—5)
Oy +5)=9(2y—b) =y = Multiplies across and make';}'_rhe M1
subject
,— 10 Alecso
ik )
Way 2 | Or: log;(9y +b) =log; 9+log;(2y—b) 234 M mark | M1
log;(9y +b) =log; 9(2y —b) 15 M mark | M1
9y+5)=92y-b)=y= % b Multiplies across and makes v the subyect :Jfllr:' .
F- =1
4
[71
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 1s for x+a= \J’llﬁ? isw so allow x+a=1 4a° for Method mark. Also allow
x+a=4a* or x+a=% 4a”” oreven x+a=16a’ as there is evidence of attempted square root.
May see the correct x +a = 1072020 o5 = 5 4+ 10%2%992%) yhich gains M1AO unless followed
by the answer in the scheme.

Al: Do not allow x=1 4a’ —a for accuracy mark. You may see the factorised a(2a + 1)(2a — 1) o.e.

{11) M1: Applying the subtraction or addition law of loganithms correctly to make two log terms
into one log term 1 v

M1: 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:

log,(9v+5 Ov+b
L}} =2 15 M0 unless clearly crossed out and replaced by the correct log; (1'—} =2
log,(2y - ) (2y-b)
. g T EJ 3
Candidates may then write ﬁ =3" and proceed to the correct answer — allow MOMINMIAOD as
2y—

the answer requires a completely correct solution.
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Q4.
Scheme Marks
Two Ways of answering the question are givenmpart (i) . .}
3b+1) a-2
1083( a_- I= -1 or log3| T ’= Applying the subtraction law of logarithms | M1
3b+1_aaf 1l o [a=2)_; Mang a correct connection between [\
a-2 | 3,[ {3b+1) log base 3 and 3 to a power.
{b+3=a-2} paly2 putas? bt | aAtse
e 9.2 A . SUSRRVIURN. SO
31
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
Either logy(3b +1) —logy(a —2) = —log,3 or logy(3b+1) +log;3=logy(a-2) %M1
log,(zb - l) = logs(a - ’) -log,3= log ' - ] or log,3(3b+1)=log,(a-2) 1% M1
{3b 1. §
-
31
Five Ways of answering the question are given in part (11)
Q5.
P P NPy PRpp—— b - SN
log, (11y = 3) — log, 3— 2log, y=1
log, (11y — 3) — log, 3 - log, »* =1 .| M1
11y -3 11y -3
log, -(——-3—————)— =1 or logzL——l = 1+log, 3 =2.58496501 dM1
y* ]
(11y - 3) (11ly - 3) .
log, 3— log, 2 or log,——— =log, 6 (allow awrt 6 if replaced by 6 later) | Bl
¥y y
Obtains 6y° —11y+3=0 oe ie 6y° =11y—3 for example Al
Solves quadratic to give y = ddM1
y =% and % (need both- one should not be rejected) Al ©)
[9]

Subscribe To The Ultimate $tudy Tool For A-Level
Maths At ALevelMathsRevision.com/UST



Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more! %

Q6.
3 Applies the power law of logarithms
WA x 5)-4 = 2 X? > M
Mg X ¥:10) =4 = lagi2 seen at any point in their working :
(x+15) A!Jplics'thc subtraction or addition law
log,| — ‘ i of loganthms at any point in their M1
\E A working
(X+15) .4 Obtains a correct expression with logs M1
{ ! - removed and no errors i
x=16x" +15 =0 o
Correct three term quadratic in any
oreg. form Al
X* + 225 = 226x
A valid attempt to factorise or solve
—~ their three term quadratic to obtamn
(v/:—l)‘\[.:—IS):Oss/.\zu. e 9 dddM1
VX =_. orx =... Dependent on all
previous method marks.
{Vx =1.15]
Both x =1 and x = 225 (If both are
T Tx=1,20 seen, ignore any other values of x<0 | Al
from an otherwise correct solution)
[6]
Total 8
e VI DR R TR
Alternative:
2log,(x+15) =8 = log, x
log,(x +15)" -8 = log, x Applies the power law of loganthms M1
log-‘l (x+15) } o8 Applx'cs the subtraction law of Mi
S ; logarithms
(x+15) Obtams a correct expression with logs M1
x removed '
x* +30x + 225 = 256x
& —2%6x + 5 = 0 (.on'cc! three term quadratic 1 any Al
form
A valid attempt to factorise or solve
(x=-1)(x-225)=0=>x=.. their 3TQ to obtain x=... Dependent | dddM1
on all previous method marks.
Both x =1 and x = 225 (If both are
x=1, 225 seen, ignore any other values of x<0 | Al
from an otherwise correct solution)
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]3]
BE

Q7.

(a) .
(x-2)=3" (x-2)=3"0or} | Ml oe
x{=4+2}=24 2% or 7 or 2.3o0rawrt 233 | Al

2]
4
(b)
(b) 2log x = logx” Bl
logx® —log7x = lmgL M1
Tx
“Remove logs™ to form equation 1n x. using the base correctly: ;— =3 M1
X
x=21 (Ignore x =0, 1if seen) Alcso (4)
6
Q8.
Question Scheme Marks | AOs
(a) | Identifies one of the two errors
"You cannot use the subtraction law without dealing with the 2 first" B1 953
" They undo the logs incorrectly. It should be x = 2P =g
Identifies both errors. See above. B1 23
2
(b) X’ 3 )
T - Elog: (x)=3 M1 1.1b
8, = X
x2.=0 opi=3 x =22 Ml 1.1b
Jx
92
\=(23)§=4 x=4 Al 1.1b
3)
(5 marks)

Subscribe To The Ultimate Study Tool For A-Level
Maths At ALevelMathsRevision.com/UST



Need more help with this topic? Go to ALevelMathsRevision.com for video tutorials and more!

(a)
B1: States one of the two errors.
Error One: Either in words states “They cannot use the subtraction law without dealing with the 2
e |
X P :
[T j (=3)' If they rewrite line two it must be
x )

correct. Allow “the coefficient of each log term 1s different so we cannot use the subtraction law’

first” or writes ' that line 2 should be log,

Allow responses such as “1t must be logx2 before subtracting the logs’

Do not accept an incomplete response such as "the student ignored the 2". There must be some
reference to the subtraction law as well.
Error Two: Either in words states ‘“They undo the log incorrectly’ or writes that “if log, x =3 then

=2 =8' Ifit 1s rewritten 1t must be correct. Eg x=1log,9 1sBO
B1: States both of the two errors. (See above)

(b)

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

oe. Or uses both the power law and subtraction to

x* )
B

subtraction law to reach a form log,

reach %log:{x}z 3

M1: Uses correct work to "undo" the log. Eg moves from log, (AX" ) =b= 4x" =2°

This 1s independent of the previous mark so allow following earlier error.
Al: cso x=4 achieved with at least one intermediate step shown. Extra solutions would be A0
SC: If the "answer" rather than the "solution" 1s given score 1,0.0.
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