SL Paper 1

a. Find log,32 .

b. Given that log, (3—;;—) can be written as px + qy , find the value of p and of g.

Markscheme

a. 5 Al NI
[1 mark]

b. METHOD 1
log, (%) = log,32" — log,8" (Al)
= zlog,32 — ylog,8 (A1)

log,8 =3 (41)
p=>5,q9=—3(acceptbz —3y) Al N3

METHOD 2
37 _ (2"
EARC

=

— 9%y

log, (27 %) = bz — 3y

p=5,q9g=—3 (acceptbxr —3y) AI N3
[4 marks]

Examiners report

a. Part (a) proved very accessible.

(1]

(4]

b. Although many found part (b) accessible as well, a good number of candidates could not complete their way to a final result. Many gave ¢ as a

positive value.

Find the value of each of the following, giving your answer as an integer.

a. logg36

b. logs4 + logg9

2
(2]



c. logg2 — loggl2 (3]

Markscheme

a. correct approach  (41)
eg 6% =36, 62
2 A1 N2
[2 marks]

b. correct simplification (41)
eg logg36, log(4 x 9)

2 Al N2
[2 marks]

c. correct simplification (A1)
eg 10g61—22, log(2 + 12)
correct working  (41)
eg logG%, 6 = %,61 = %
-1 A1 N2
[3 marks]

Examiners report

o INA
b [N/A]
.. INA

Q

. Expand (2 + z)* and simplify your result. 8]

b. Hence, find the term in 2 in (2 + z)* (1 + %) . [3]

Markscheme

a. evidence of expanding M1

e.g 2' 4+ 4(2%)x + 6(2Y)x? + 4(2)2® + 2*, (4 + 4z + 22)(4 + 4z + 2?)
(2+2)* =16 + 32z + 242> + 82° + 2 42 N2
[3 marks]

b. finding coefficients 24 and 1  (41)(A1)

term is 2522 Al N3
[3 marks]

Examiners report



a. Surprisingly few candidates employed the binomial theorem, choosing instead to expand by repeated use of the distributive property. This

earned full marks if done correctly, but often proved prone to error.

b. Candidates often expanded the entire expression in part (b). Few recognized that only two distributions are required to answer the question.

Some gave the coefficient as the final answer.

An arithmetic sequence has the first term In a and a common difference In 3.

The 13th term in the sequence is 8 In 9. Find the value of a.

Markscheme

Note: There are many approaches to this question, and the steps may be done in any order. There are 3 relationships they may need to apply at
some stage, for the 3rd, 4th and 5th marks. These are

equating bases eg recognising 9 is 32

log rules: Inb +Inc = In(bc), Inb—Inc= ln(%>,

exponent rule: Inb™ = nlnb.

The exception to the FT rule applies here, so that if they demonstrate correct application of the 3 relationships, they may be awarded the A marks,
even if they have made a previous error. However all applications of a relationship need to be correct. Once an error has been made, do not award
A1FT for their final answer, even if it follows from their working.

Please check working and award marks in line with the markscheme.

correct substitution into u;3 formula (A1)

eg Ina+(13—-1)In3

set up equation for ui3 in any form (seen anywhere) (M1)
eg Ina+12ln3 =81n9

correct application of relationships  (A7)(A1)(A1)
a=81 A1 N3

[6 marks]

Examples of application of relationships

Example 1

correct application of exponent rule for logs (A1)

eg Ina+mn3?=1In9®

correct application of addition rule for logs (A1)

eg In(a3'?) =1n9®

substituting for 9 or 3 in In expression in equation (A1)
eg In(a3') =13, In(a9®) =1n9®

Example 2

recognising 9 = 32 (A1)

eg lna+12In3=81n3% Ilna+ 12ln9é =8In9



one correct application of exponent rule for logs relatingln9toIn3 (A7)

eg Ina+12In3=161n3, Ina+6In9 =8In9
another correct application of exponent rule for logs (A1)

eg Ina=In3* Ina=In9>

Examiners report

[N/A]

Consider the following sequence of figures.

Figure 1 Figure 2

Figure 1 contains 5 line segments.

a. Given that Figure n contains 801 line segments, show that n = 200.

b. Find the total number of line segments in the first 200 figures.

Markscheme

a. recognizing that it is an arithmetic sequence (M1)

eg 5,5+4,5+4+4, ...,d=4, u,=u;+(n—1)d, dn+1

correct equation A1

eg 5+4(n—1)=2801

correct working (do not accept substituting n = 200) A1
eg dn—4=796,n-1="2°

n =200 AG NO

[3 marks]
b. recognition of sum  (M1)

eg S0, U + Uz + ...+ Uz, 5+ 9+ 134 ...+ 801
correct working for AP (A1)
200 200
7(5 +801), -5 (2(5) +199(4))
80600 A1 N2

[3 marks]

Examiners report

a. Most candidates recognized that the series was arithmetic but many worked backwards using n = 200 rather than creating and solving an

equation of their own to produce the given answer.

Figure 3

(3]

(3]



b. Almost all students answered (b) correctly.

Let f(z) = klog,z .

a. Given that f~(1) = 8, find the value of k .

b. Find /1 (%) .

Markscheme

a. METHOD 1
recognizing that f(8) =1 (MI)
e.g. 1 = klog,8
recognizing that log,8 =3  (41)
e.g. 1 =3k
k=3 Al N2
METHOD 2
attempt to find the inverse of f(z) = klog,z (M1)
eg x =klog,y,y= 2%
substituting 1 and 8 (M1)
e.g. 1 = klog,8, 2% =8
k=i (k=3) a1 N2
[3 marks]

b. METHOD 1

recognizing that f(z) = % M1)

e.g. % = %logﬂ
logogz =2 (A1)

fi (%) =4 (acceptx =4) A2 N3

METHOD 2

attempt to find inverse of f(z) = %logzw M1)

e.g. interchanging x and y , substituting k = % intoy = 2%
correct inverse (A1)

e.g fH(z) =2%, 2%
F(3) =4 a2 a3

[4 marks]

(8]

(4]



Examiners report

a. A very poorly done question. Most candidates attempted to find the inverse function for f and used that to answer parts (a) and (b). Few
recognized that the explicit inverse function was not necessary to answer the question.

Although many candidates seem to know that they can find an inverse function by interchanging x and y, very few were able to actually get the
correct inverse. Almost none recognized that if f1(1) = 8, then f(8) = 1. Many thought that the letters "log" could be simply "cancelled
out", leaving the 2 and the 8.

b. A very poorly done question. Most candidates attempted to find the inverse function for f and used that to answer parts (a) and (b). Few
recognized that the explicit inverse function was not necessary to answer the question.

Although many candidates seem to know that they can find an inverse function by interchanging x and y, very few were able to actually get the
correct inverse. Almost none recognized that if f (1) = 8, then f(8) = 1. Many thought that the letters "log" could be simply "cancelled
out", leaving the 2 and the 8.

In an arithmetic sequence, the first term is 3 and the second term is 7.

a. Find the common difference. [2]
b. Find the tenth term. [2]
c. Find the sum of the first ten terms of the sequence. [2]

Markscheme

a. attempt to subtract terms  (M1)

eg d=uy—u1, 7—3
d=4 A1 N2
[2 marks]

b. correct approach (A1)

eg upp =3+ 9(4)
uyp =39 A1 N2
[2 marks]

c. correct substitution into sum (A1)

eg Si=5(3+39), Sip= S (2x3+9x4)
Sip =210 A1 N2
[2 marks]

Examiners report

CIN/A]
b IN/A]
[N/A]



The first three terms of a infinite geometric sequence are m — 1, 6, m + 4, where m € Z.

a(i).Write down an expression for the common ratio, 7. [2]
a(ilHence, show that m satisfies the equation m? + 3m — 40 = 0. [2]
b(i)Find the two possible values of m. [3]
b(ilFind the possible values of 7. [3]
c(i) The sequence has a finite sum. [3]

State which value of r leads to this sum and justify your answer.

c(iifThe sequence has a finite sum. (3]

Calculate the sum of the sequence.

Markscheme

a(i).correct expression forr 41 NI

6 m-+4
m—1" 6

[2 marks]

eg r=

a(iijcorrect equation A1
6 m+4 6 m—1

€€ w1~ "6 'mit 6

correct working  (41)

eg (m+4)(m—1)=236

correct working A1

eg mP—m+4m—4=36, m*+3m —4=36
m?24+3m—40=0 AG NO

[2 marks]

b()wvalid attempt to solve (M1)

eg (Mm+8)(m—5)=0m= —73i\/g+4X40
m=-8 m=5 AIAl N3
[3 marks]
b(ilattempt to substitute any value of m to findr (M1)
6 5+4
€8 =1 6
r=3r=-2 4141 N3
[3 marks]
. 2 .. . .
c()r = —5 (may be seen in justification) A1

validreason RI NO
eg |r|<1, —1<%2<1

Notes: Award R1 for |r| < 1 only if A1 awarded.

[2 marks]
c(iiffinding the first term of the sequence which has |r| <1 (41)

eg 7871,6+_T2



u; = —9 (may be seen in formula) (41)
correct substitution of u; and their 7 into ==, as long as |r| <1 Al

eg S, = 9

[4 marks]

Examiners report

(o IVA
(

NA

JO )

o INA
VA
o [VA
c(ip VAl

o}

Q T

In an arithmetic sequence, the first term is 2 and the second term is 5.

a. Find the common difference. [2]
b. Find the eighth term. [2]
c. Find the sum of the first eight terms of the sequence. [2]
Markscheme

a. correct approach (A1)

eg d:UQ—U1,5—2
d=3 A1 N2
[2 marks]

b. correct approach (A1)

eg ug =2+ 7 x 3, listing terms
ug =23 A1 N2
[2 marks]

C. correct approach (A1)

eg Ss= %(2 + 23), listing terms, ;(2(2) +17(3))
Sg =100 A1 N2
[2 marks]

Total [6 marks]

Examiners report



a. All three parts of this question were very well done by the candidates. The occasional mistakes that were seen tended to be arithmetic errors which

happened after the candidates had substituted correctly into the formulas given in the formula booklet.

b. All three parts of this question were very well done by the candidates. The occasional mistakes that were seen tended to be arithmetic errors which

happened after the candidates had substituted correctly into the formulas given in the formula booklet.

c. All three parts of this question were very well done by the candidates. The occasional mistakes that were seen tended to be arithmetic errors which

happened after the candidates had substituted correctly into the formulas given in the formula booklet.

a. Write the expression 31In 2 — In 4 in the form In k, where k € Z. [3]

b. Hence or otherwise, solve 3In2 —In4 = —Inz. [3]

Markscheme

a. correct application of In a® = bln a (seen anywhere) (A1)

eg In4=2In2, 3In2 =1n23 3log2 =log8
correct working (A1)

eg 3ln2—-2In2, In8 —1In4

In2 (acceptk=2) A1 N2

[3 marks]
b. METHOD 1

attempt to substitute their answer into the equation  (M1)

eg In2=—Inzx

correct application of alog rule (A1)

eg Inzi, ln% =lnz, mn2+Inz=In2z (=0)

z=5 Al N2

METHOD 2

attempt to rearrange equation, with 3 In 2 written as In 23 orln8 (M1)
eg Inz=In4—-1n2% In8+Inz=In4, n2°=In4—Inz
correct working applyinglna +1nb (A1)

eg =, 8c=4, n2°=In2

A1 N2

KR
1
=73

[3 marks]

Total [6 marks]

Examiners report



a. Part (a) was answered correctly by a large number of candidates, though there were quite a few who applied the rules of logarithms in the wrong

order.

b. In part (b), many candidates knew to set their answer from part (a) equal to — In x, but then a good number incorrectly said thatIn2 = — In z led

to2 = —=x.

The sums of the terms of a sequence follow the pattern

S =14k Sy=5+3k Ss=12+7k, Ss =22+ 15k, ..., wherek € Z.
a. Given that u; = 1 + k, find ua, us and ug4. [4]
b. Find a general expression for uy,. [4]

Markscheme

a. valid method (M1)

eg u =28 -5, 1+k+u=5+3k
up = 4+ 2k, uz =T+ 4k, ug = 10 + 8k AIAIAI N4
[4 marks]

b. correct AP or GP (41)
eg finding common difference is 3, common ratio is 2
valid approach using arithmetic and geometric formulas (M1)
eg 1+3(n—1) andr" 'k
Up =3n—2+2"""k AIAl N4
Note: Award A1 for 3n — 2, AI for 2" k.

[4 marks]

Examiners report

o IVA]

b, IN/A]

a. Consider the arithmetic sequence 2, 5, 8, 11,. ... [3]
Find w101 .

b. Consider the arithmetic sequence 2, 5, 8, 11,. ... [3]

Find the value of n so that u,, = 152 .

Markscheme



ad=3 (4D

evidence of substitution into u, = a + (n — 1)d (M1)
e.g. uor = 2+ 100 x 3

u1 =302 A1 N3

[3 marks]

b. correct approach (M1)

g 1562=2+(n—1) x3

correct simplification  (41)
eg.150=(n—-1)x3,50=n—-1,152=—-1+3n
n=>51 Al N2

[3 marks]

Examiners report

a. Candidates probably had the most success with this question with many good solutions which were written with the working clearly shown.

Many used the alternate approach of u, =3n —1.

b. Candidates probably had the most success with this question with many good solutions which were written with the working clearly shown.

Many used the alternate approach of up, = 3n — 1.

The first two terms of an infinite geometric sequence, in order, are

2log,z, log,x, where z > 0.

The first three terms of an arithmetic sequence, in order, are

log,z, log, (%) , log, (%) where z > 0.

Let S15 be the sum of the first 12 terms of the arithmetic sequence.

a. Findr. [2]
b. Show that the sum of the infinite sequence is 4log, . [2]
c. Find d, giving your answer as an integer. [4]
d. Show that Sj5 = 12log,z — 66. [2]
e. Given that S}, is equal to half the sum of the infinite geometric sequence, find x, giving your answer in the form 2P, where p € Q. [3]

Markscheme



a. evidence of dividing terms (in any order) (M1)

py  2logyw

M logyx

r=5 A1 N2
[2 marks]

b. correct substitution (A1)

2log,x
€g

-3
correct working A1

2log,x
eg T

2

Soc = 4logsxz AG NO

[2 marks]
c. evidence of subtracting two terms (in any order) (M1)
T
eg uz — Uy, logy,z — log, 5

correct application of the properties of logs (A1)

z

eg log, (%) , logy (% X %) , (loggz —logy2) — logyz
correct working (A1)

eg logQ%, —log,2

d=-1 A1 N3

[4 marks]

d. correct substitution into the formula for the sum of an arithmetic sequence (A1)
eg %(ZIOgT’L‘ + (12 - 1)(—1))
correct working A1
eg 6(2log,z — 11), 22 (2logyz — 11)
12log,z — 66 AG NO
[2 marks]
e. correct equation (A1)
eg 12log,xz — 66 = 2log,x
correct working (A1)
eg 10log,x = 66, log,x = 6.6, 266 — 210, log, (Z—lj) = 66
z = 260 (accept p = %) A1 N2

[3 marks]

Examiners report

o INA
b, [N/A]
c. INA]
q. IVA]

" IN/A]



The fifth term in the expansion of the binomial (a + b)" is given by < 140 ) p5(29)* .

a. Write down the value of n.
b. Write down « and b, in terms of p and/or ¢.

c. Write down an expression for the sixth term in the expansion.

Markscheme

aan=10 A1 NI
[1 mark]

b.a=p,b=2q(ora=2q,b=p) AlAl NINI
[2 marks]

C. 5 p°(2q)°> Al1A1AI N3
[3 marks]

Examiners report

' [N/A]
b. [N/A]

(1]

(2]

(3]

C. The most common error was in (¢) where many candidates interpreted the "sixth" term as using < 160 ) , with accompanying powers of 4 and 6

in the expression.

An arithmetic sequence has u; = log, (p) and u, = log, (pgq), where ¢ > 1 and p, q > 0.

a. Show that d = log, ().
20

b. Let p = ¢ and ¢ = . Find the value of 3" u,,.

n=1

Markscheme

a. valid approach involving addition or subtraction M1
eg uz =log.p+d, ur —u2

correct application of log law A1

eg log. (pq) = log,p + log, g, log, ( %q)

2

(6]



d=1log.q AGNO

[2 marks]
b. METHOD 1 (finding u; and d)

recognizing >, = Sy (seen anywhere) (A1)

attempt to find u; or d using log, c* = k  (M1)
eg log, c, 3log, c, correct value of u; or d

u1 =2, d = 3 (seen anywhere)  (A1)(A1)

correct working (A1)

eg Spp = 2(2x2+19x 3), Sy = 2(2+59), 10(61)
20

> u,=610 ATN2

n=1

METHOD 2 (expressing S in terms of c)
recognizing > = Sy (seen anywhere) (A1)

correct expression for Sinterms of ¢~ (A1)
eg 10 (2log, ¢ + 191og, c?)

log,c® =2, log,c® =3 (seen anywhere) (A1)(A1)

correct working (A1)

eg Sy =2 (2x2+19 x 3), Sy =2 (2+59), 10(61)
20

> u, =610 A71N2

n=1

METHOD 3 (expressing S in terms of c)
recognizing > = Sy (seen anywhere) (A1)

correct expression for Sinterms of ¢~ (A1)
eg 10 (2 log, c® + 191og, c3)

correct application of log law (A1)

eg 2log, ¢ = log,c, 19log, c® = log,c”, 10 (logC (cz)2 + log, (03)19> , 10 (log, ¢* + log, ™), 10 (log, ™)

correct application of definition of log (A1)
eg log, c® =61, log, c* =4, log, " =57

correct working (A1)
eg Sx = 2 (4+57), 10(61)

20

> u,=610 ATN2
n=1
[6 marks]

Examiners report

' [N/A]
b. [N/A]



In an arithmetic sequence, the third term is 10 and the fifth term is 16.

a. Find the common difference.
b. Find the first term.

c. Find the sum of the first 20 terms of the sequence.

Markscheme

a. attemptto findd (M1)

20,10 —2d = 16 — 4d, 2d = 6,d = 6

d=3 Al N2
[2 marks]

b. correct approach (41)
eg 10=u1+2x3,10-3—-3
up=4 Al N2
[2 marks]

C. correct substitution into sum or term formula (41)

eg D(2x4+19x3),up=4+19x3
correct simplification  (41)

eg 8+457,4461

So0 =650 A1 N2

[3 marks]

Examiners report

[N/A]
IN/A]
IN/A]

a.

a. Consider the infinite geometric sequence 3, 3(0.9), 3(0.9)2, 3(0.9)3, ....

Write down the 10th term of the sequence. Do not simplify your answer.

b. Consider the infinite geometric sequence 3, 3(0.9), 3(0.9)%, 3(0.9)3, ... .

Find the sum of the infinite sequence.

Markscheme

a. uy = 3(0.9)° A1 NI
[1 mark]

b. recognizingr = 0.9  (4l)

correct substitution A1

3

(2]
2
(3]

(1]

(4



3
S=30 A1 N3
[4 marks]

Examiners report

a. This question was well done by most candidates. There were a surprising number of candidates who lost a mark for not simplifying 037 to 30,

and there were a few candidates who used the formula for the finite sum unsuccessfully.

b. This question was well done by most candidates. There were a surprising number of candidates who lost a mark for not simplifying (f’—l to 30,

and there were a few candidates who used the formula for the finite sum unsuccessfully.

Let f(z) = logsy/ , forz > 0.

a. Show that f~1(z) = 3% . 2
b. Write down the range of 1. (1]
c. Letg(z) =logyz, forz > 0. (4]

Find the value of (f~! o g)(2) , giving your answer as an integer.

Markscheme

a. interchanging x and y (seen anywhere) (M1)

e.g. ¢ = log /y (accept any base)
evidence of correct manipulation A1
eg. 3 =,1y,3 = 3 , T = %log3y , 2y = log,x
f(z)=3* AG NO
[2 marks]
b.y>0,f(x)>0 AI NI
[1 mark]

c. METHOD 1

finding g(2) = log32 (seen anywhere) A1
attempt to substitute  (M1)

eg. (f71og)(2) = 87l8

evidence of using log or index rule  (41)
e (f1og)(2) =31, gon”
(flog)2)=4 AI NI

METHOD 2



attempt to form composite (in any order) (M1)
e.g. (f'og)(z) =37

evidence of using log or index rule  (41)

e.g (flog)(z) = glogga’ ,310g3z2
(flog)a)=a? Al

(flog)(2)=4 A1 NI

[4 marks]

Examiners report

a. Candidates were generally skilled at finding the inverse of a logarithmic function.

b. Few correctly gave the range of this function, often stating “all real numbers” or “ y > 0 ”, missing the idea that the range of an inverse is the

domain of the original function.

c. Some candidates answered part (c) correctly, although many did not get beyond 320832 Some attempted to form the composite in the incorrect

order. Others interpreted (f ! o g)(2) as multiplication by 2.

The first three terms of an infinite geometric sequence are 32, 16 and 8.

a. Write down the value of 7. (1]
b. Find wug . 2]
c. Find the sum to infinity of this sequence. [2]

Markscheme
a. r:g<: %) Al NI
[1 mark]

b. correct calculation or listing terms (A1)

1 6—1 1 3
e.g.32><(5> ,8><(5) 32,...4,2,1
us=1 Al N2
[2 marks]

c. evidence of correct substitution in Soe A1

32 32
eg —¢, %
2

1
1=3

S =64 Al NI
[2 marks]



Examiners report

a. This question was very well done by the majority of candidates. There were some who used a value of r greater than one, with the most

common error being r = 2 .

b. This question was very well done by the majority of candidates. There were some who used a value of r greater than one, with the most

common error being r = 2.

c¢. A handful of candidates struggled with the basic computation involved in part (c).

The first two terms of an infinite geometric sequence are uy =18 and u, = 12sin? 0, where 0 < 6 < 27, and 6 = .

a.i. Find an expression for r in terms of 6. 2]

a.ii.Find the possible values of r. [3]
e . 54

b. Show that the sum of the infinite sequence is Treos 20)" [4]

c. Find the values of 8 which give the greatest value of the sum. [6]

Markscheme

a.i.valid approach  (M1)

Uy Uy
€9 wr w

_ 12sin?6 [ 2sin?6

=0 <_ 3 ) A1 N2
[2 marks]

a.iirecognizing that sinf is bounded  (M1)

eg O<sin?f<1,-1<sinB<1,-1<sinf <1
O<rs2 A2N3

Note: If working shown, award M1A1 for correct values with incorrect inequality sign(s).
If no working shown, award N1 for correct values with incorrect inequality sign(s).

[3 marks]

b. correct substitution into formula for infinite sum A1

18

2 sin?
1-——

eg

evidence of choosing an appropriate rule for cos 26 (seen anywhere) (M1)
eg cos20=1-2sin?6

correct substitution of identity/working (seen anywhere) (A1)

18 54 18
17%(17605 26) ’ 372(1405 29) ’ 32 sin? 0

€eg

2 2 3

correct working that clearly leads to the given answer A1



18x3 54
€9 2+(1-2sin?6) > 3—(1—cos 26)

54

2+cos(26) AG NO

[4 marks]

METHOD 1 (using differentiation)
ds
recognizing d—;" = 0 (seen anywhere) (M1)

dSx
finding any correct expression for —- (A1)

0—54x(—2'sin 2 0)

Zreonzo —54(2 + cos26) " (—2sin24)

€g

correct working (A1)

eg sin20=0

any correct value for sin~1(0) (seen anywhere) (A1)

eg 0, m, ..., sketch of sine curve with x-intercept(s) marked both correct values for 26 (ignore additional values) (A1)
26 = m, 3w (accept values in degrees)

3m

both correct answers 6 = %, - A1TN4

Note: Award AQ if either or both correct answers are given in degrees.
Award A0 if additional values are given.

METHOD 2 (using denominator)
recognizing when S, is greatest  (M1)

eg 2 + cos 20 is a minimum, 1-r is smallest
correct working (A1)

eg minimum value of 2 + cos 28 is 1, minimum r = %
correct working (A1)

eg cos260 = —1, %Sin2 0= %, sin?0 =1

EITHER (using cos 26)

any correct value for cos™'(-1) (seen anywhere) (A1)

eg m, 3m, ... (accept values in degrees), sketch of cosine curve with x-intercept(s) marked
both correct values for 26 (ignore additional values) (A1)

260 =, 3 (accept values in degrees)

OR (using sinb)

sinf==+1 (A1)

sin~(1) = ; (accept values in degrees) (seen anywhere) A1

THEN

both correct answers 6 = %, 377' A1 N4

Note: Award AQ if either or both correct answers are given in degrees.
Award A0 if additional values are given.

[6 marks]

Examiners report

[N/A]



ailNVAl
o INA

.. INA

Three consecutive terms of a geometric sequence are x — 3, 6 and = + 2.

Find the possible values of x.

Markscheme

METHOD 1

valid approach  (M1)

eg r:%, (x—3)xr=6, (x—3)r’=2+2
correct equation in terms of z only A1

eg =22 (z-3)(z+2)=6%36=2>—2-6
correct working (A1)

eg x2—x—42, 22—z =42

valid attempt to solve their quadratic equation  (M1)

eg factorizing, formula, completing the square

evidence of correct working (A1)

eg (z—T7)(z+6), li\gﬁ

z=T7,x=—-6 A1 N4
METHOD 2 (finding r first)

valid approach  (M1)

6
x—3"7

eg r= 6br=c+2, (z—3)r'=x+2

correct equation in terms of r only A1

eg L +3=6r—26+3r=6r>2—2r, 6r2—5r—6=0
evidence of correct working (A1)

eg (3r+2)(2r-3), L@

r= ,g, r= % A1l

substituting their values of r to find x  (M1)

eg (;UfS)(g)zﬁ,x:6(%)f2

t=T,z=-6 A1 N4

[6 marks]

Examiners report

Nearly all candidates attempted to set up an expression, or pair of expressions, for the common ratio of the geometric sequence. When done

correctly, these expressions led to a quadratic equation which was solved correctly by many candidates.



The values in the fourth row of Pascal’s triangle are shown in the following table.

1 B 6 4 1
a. Write down the values in the fifth row of Pascal’s triangle. [2]
b. Hence or otherwise, find the term in > in the expansion of (2z + 3)5. [5]

Markscheme

a. 1,5,10,10,5,1 A2 N2
[2 marks]

b. evidence of binomial expansion with binomial coefficient  (M1)
eg (Z) a" b, selecting correct term, (22)°(3)° + 5(2z)*(3) + 10(2z)3(3)% + ...
correct substitution into correct term  (A1)(A1)(A1)

eg 000G () oo

Note: Award A1 for each factor.
720> A1 N2

Notes: Do not award any marks if there is clear evidence of adding instead of multiplying.

Do not award final A1 for a final answer of 720, even if 720z is seen previously.

[5 marks]

Examiners report

o [NA]
b, IN/A]

The sides of a square are 16 cm in length. The midpoints of the sides of this square are joined to form a new square and four triangles (diagram 1).

The process is repeated twice, as shown in diagrams 2 and 3.



16

F 3

v

+——=—P

diagram 1

Let x,, denote the length of one of the equal sides of each new triangle.

Let A, denote the area of each new triangle.

a. The following table gives the values of z,, and A,, for 1 < n < 3. Copy and complete the table. (Do not write on this page.)

diagram 2

n 1 2
Tn 8
A, 32 16

b. The process described above is repeated. Find Ag.

c. Consider an initial square of side length k£ cm. The process described above is repeated indefinitely. The total area of the shaded regions is

k cm?. Find the value of k.

Markscheme

a. valid method for finding side length (M)

eg 8% +8% =c?, 45 — 45 — 90 side ratios, 8v'2, 352 = 16, 22 + 22 = 8’

correct working for area  (41)
1

eg 7 x4x4
n 1 2
Zn 8 V32
A, 32 16

AIAI N2N2
[4 marks]
b. METHOD 1

recognize geometric progression for A, (RI)

eg up = upr™!

r=+ (Al)

2
correct working (A1)

5
eg 32(%) 4,211 1

ISR AVERREE

A¢=1 Al N3

diagram 3

[4]

[4]
(7]



METHOD 2
attempt to find xz¢  (M1)

5
eg 8(%) L 2v2,2,v2, 1, ...
ze =2 (4D
correct working (A1)
2
eg %(\/5)
A¢=1 A1 N3
[4 marks]
c. METHOD 1
recognize infinite geometric series (R1)
eg Sp= 1=, Ir[ <1
area of first triangle in terms of & (41)
2
1
¢ 5(%)
attempt to substitute into sum of infinite geometric series (must have k) (M1)

O

e —
g 17% ) 17%
correct equation A7
1(&)2 2
g 22—k k=%
2 2

correct working (A1)

eg k=4k

valid attempt to solve their quadratic (M1)

eg k(k—4), k=4o0rk=0

k=4 A1 N2

METHOD 2

recognizing that there are four sets of infinitely shaded regions with equal area
area of original square is k> (41)

so total shaded area is % (Al)

correct equation ’Z—Z =k Al

k> =4k (AD)

valid attempt to solve their quadratic (M)
eg k(k—4), k=4o0rk=0

k=4 A1 N2

[7 marks]

Examiners report

CIN/A]
b IN/A]
.. INA

Q

. Find the value of log,40 — log,5 .

b. Find the value of 8'°82° .

R1

(8]

[4]



Markscheme

a. evidence of correct formula (M1)

40
5

eg loga —logh= log% ,log( > ,log8 4+ logb — log b

Note: Ignore missing or incorrect base.

correct working  (41)

eg log,8, 28 =38

log,40 —log,6 =3 A1 N2
[3 marks]

b. attempt to write 8 as a power of 2 (seen anywhere)

eg (2%)md 23 =g 2
multiplying powers (M1)
eg 2310825 alog,b

correct working  (41)

eg 9logy125 , 10g253 , (210g25)3

gloe® — 125 41 N3
[4 marks]

Examiners report

log,4
a. Many candidates readily earned marks in part (a). Some interpreted log,40 — log,5 to mean &0

Others left the answer as log,5 where an integer answer is expected.

b. Part (b) proved challenging for most candidates, with few recognizing that changing 8 to base 2 is a helpful move. Some made it as far as

2319825 yiet could not make that final leap to an integer.

a. Given that 2™ = 8 and 2" = 16, write down the value of m and of n.

b. Hence or otherwise solve 82211 = 16%*73.

Markscheme

am=3, n=4 A1A1 N2
[2 marks]
b. attempt to apply (2%)® = 2% (M)

eg 6z + 3, 4(2z — 3)

equating their powers of 2 (seen anywhere)

M1

(M1)

an error which led to no further marks.

(2]

(4]



eg 3(2z+1)=8z—12
correct working A1

eg 8x—12=6z+ 3, 2z =15
z=2 (15) A1 N2

[4 marks]

Total [6 marks]

Examiners report

a. Indices laws were well understood with many candidates solving the equation correctly. Some candidates used logs, which took longer, and errors

crept in.

b. Indices laws were well understood with many candidates solving the equation correctly. Some candidates used logs, which took longer, and errors

crept in.

The first three terms of a geometric sequence are In z'6, In 28, In z*, for z > 0.

a. Find the common ratio.

b. Solve 3 2°*Inz = 64.
k=1

Markscheme

a. correctuse logax™ = nlogx A1

eg 16Inz

valid approach to find r  (M1)

Unt1 Inz® 4lnz
U’ Ing®’ Slnz’

eg
1
r=5 A1 N2
[3 marks]
b. recognizing a sum (finite or infinite)  (M1)
eg 2'lnz+2°Inz, T,

valid approach (seen anywhere) (M1)

eg recognizing GP is the same as part (a), using their r value from part (a), r = L

correct substitution into infinite sum (only if |r| is a constant and less than 1)

1 1 I

241 1 16
eg =22 2% 32Inz
1-7 2

correct working (A1)
eg Inz =2

z=¢ A1 N3

Inz* =1lnz! x r2

S0, 16Inz + ...

(3]

(5]



[5 marks]

Examiners report

o INA
b [N/A]

Ann and Bob play a game where they each have an eight-sided die. Ann’s die has three green faces and five red faces; Bob’s die has four green faces
and four red faces. They take turns rolling their own die and note what colour faces up. The first player to roll green wins. Ann rolls first. Part of a tree

diagram of the game is shown below.

Ann’s 1st roll Bob's Istroll Ann’s 2nd roll Bob’s 2Znd roll  Ann’s 3rd roll
Ann
wins Bob
Ann wins Ann
loses ;
wins
joses Bob
Ann wins Ann
loses i
Bob wins
loses Ann
loses
a. Find the probability that Ann wins on her first roll. [2]
b. () The probability that Ann wins on her third roll is % X % XpXq X %. [6]

Write down the value of p and of q.
(i)  The probability that Ann wins on her tenth roll is %rk wherer € Q, k € Z.

Find the value of r and of k.

c. Find the probability that Ann wins the game. [7]

Markscheme

a. recognizing Ann rolls green  (M1)
eg P(G)
3
s A1 N2

[2 marks]

'S

. 4 5 5

(i)  recognizes Ann and Bob lose 9 times  (M1)

eg\(\;\\;\\;\(\overbrace {{A_LKB_\(\overbrace {{A_L}{B_ \Idots \(\overbrace {{A_L}{B_{\text{ 9 times, }\underbrace {\left( {\frac{5}{8} \times \frac{4}{8}}
\right) \times \ldots \times \left( {\frac{5}{8} \times \frac{4}{8}} \right)}_{{\text{9 times}}}\)

k=9 (seenanywhere) A1 N2

correct working (A1)



00| wo

9
5 4 3 5 4 5 4
eg <§ X g) X ) (§ X §) X ..o X <§ X §> X

20 5
T=4 (:—) A1 N2

[6 marks]
recognize the probability is an infinite sum  (M1)

eg Ann wins on her 1°¢ roll or 2% roll or 3* roll..., Seo
recognizing GP  (M1)

U = % (seen anywhere) A1

20
r= =

51 (seenanywhere) A1

correct substitution into infinite sum of GP A1

3
eg 53 1 1
59 8 ’ 5
1-3 1,<§X%) 1-%

correct working (A1)

P (Ann wins) = = (: i) A1 N1

[7 marks]

Total [15 marks]

Examiners report

a.

Some teachers’ comments suggested that the word ‘loses’ in the diagram was misleading. But candidate scripts did not indicate any adverse
effect.
a) Very well answered.

b) i) Probabilities p and q were typically found correctly. ii) Fewer candidates identified the common ratio and number of rolls correctly.

Few candidates recognized that this was an infinite geometric sum although some did see that a geometric progression was involved.

. Some teachers’ comments suggested that the word ‘loses’ in the diagram was misleading, But candidate scripts did not indicate any adverse

effect.

a) Very well answered.
b) i) Probabilities p and q were typically found correctly. i) Fewer candidates identified the common ratio and number of rolls correctly.
Few candidates recognized that this was an infinite geometric sum although some did see that a geometric progression was involved.

Some teachers’ comments suggested that the word ‘loses’ in the diagram was misleading, But candidate scripts did not indicate any adverse
effect.
a) Very well answered.

b) i) Probabilities p and q were typically found correctly. ii) Fewer candidates identified the common ratio and number of rolls correctly.

Few candidates recognized that this was an infinite geometric sum although some did see that a geometric progression was involved.



Solve log,(2sin z) + log,(cosz) = —1, for 27 < = < 57”

Markscheme

correct application of loga + logb = logab (A1)

eg log,(2sinz cosz), log2 + log(sinz) + log(cos z)
correct equation without logs A1
eg 2sinzcosz =271, sinxcosm:%, sin2w:%

recognizing double-angle identity (seen anywhere) A1

eg log(sin2z), 2sinx cosz = sin 2z, sin2z = %

evaluating sin ™' (%) =5 (30°) (A1)

correct working A1

T 257 297 T 5T .
eg x =15 +2m 2z = =, =, 750°, 870°, x = {;and x = 4, one correct final answer

T = 215—2”, 219—; (do not accept additional values) A2 NO

[7 marks]

Examiners report

IN/A]

Write down the value of

al)(i) logy27; (1
aliikii) loggg; 1]
a(iiliii)  log,¢4. (1]
b. Hence, solve log,27 + logsé — log,s4 = log, . [3]

Markscheme

a(i)(i) logz27=3 A1 NI
[1 mark]

a(ijii) loggz =—1 AI NI
[1 mark]

afiijiii) logd=73 AI NI

[1 mark]

b. correct equation with their three values (41)

eg % =logyz,3+ (—1) — % = log,x



correct working involving powers  (41)
eg z= 4%, 45 — o

x=8 Al N2

[3 marks]

Examiners report

2 VA
aiy VAl
alii 'kN/ Al

b, IN/A]

Solve logyz + logy(x —2) =3, forz > 2.

Markscheme

recognizing log a + log b = log ab (seen anywhere) (41)

e.g logy(z(z — 2)) , 2* — 22

recognizing log, b=z < a®* =0 (41)

eg 2 =8

correct simplification A1
ega(z—2)=2%22-22-8

evidence of correct approach to solve  (M1)
e.g. factorizing, quadratic formula

correct working A1

eg (z—4)(z+2), 25T

r=4 A2 N3
[7 marks]

Examiners report

Candidates secure in their understanding of logarithm properties usually had success with this problem, solving the resulting quadratic either by
factoring or using the quadratic formula. The majority of successful candidates correctly rejected the solution that was not in the domain. A
number of candidates, however, were unclear on logarithm properties. Some unsuccessful candidates were able to demonstrate understanding of
one property but without both were not able to make much progress. A few candidates employed a “guess and check” strategy, but this did not

earn full marks.

In the expansion of (3z + 1)™, the coefficient of the term in 22 is 135n, where n € Z ™. Find n.



Markscheme

Note: Accept sloppy notation (such as missing brackets, or binomial coefficient which includes mz).

evidence of valid binomial expansion with binomial coefficients  (M1)

r

eg (") (3z)"(1)"", (3z)" + n(3z)"! + <;’> (3z)" 2 +..., (

attempt to identify correct term  (M1)

eg ( " ),(3w)2,n—r:2
n—2

setting correct coefficient or term equal to 135n (may be seen later)

eg 9(™)=135m, ([ ™ )(32)?=135n, 20 — 13502
2 2 2

n —

correct working for binomial coefficient (using ,,C,. formula) (A1)

n(n—1)(n—2)(n—3)... n(n—1)
€9 I m 3 md)...’ 2
EITHER

evidence of correct working (with linear equationinn) (A1)

eg 9(n;1) — 135, 9(n—1)

5 2 = 13522

correct simplification (A1)

135%x2  (n-1)
9 2

n=31 A1 N2

=15

eg n—1=
OR

evidence of correct working (with quadratic equation inn) (A1)
eg 9n? —279n =0, n? — n = 30n, (9> — 9n)z? = 270nz?
evidence of solving (A1)

eg 9In(n—31) =0, 9n® =279n

n=31 A1 N2

Note: Award AO for additional answers.

[7 marks]

Examiners report

[N/A]

Let f(z) = 3Ilnz and g(z) = In5z® .

a. Express g(z) in the form f(z) + Ina, wherea € Z* .

b. The graph of g is a transformation of the graph of /. Give a full geometric description of this transformation.

) rgaey

(4]

§]



Markscheme

a. attempt to apply rules of logarithms  (M1)

eg.lna® =blna,lnab=1Ina+1nb

correct application of In a® = bln a (seen anywhere) Al

eg 3lnz =Inzd

correct application of Inab = Ina + In b (seen anywhere) Al
eg.Inbz® =In5 +Inx3

solnb5z® =In5+ 3lnz

g(z) = f(z) +In5 (accept g(z) = 3lnz +In5) Al NI
[4 marks]

b. transformation with correct name, direction, and value 43
e.g. translation by ( I 05 ) , shift up by In 5 , vertical translation of In 5
n

[3 marks]

Examiners report

a. This question was very poorly done by the majority of candidates. While candidates seemed to have a vague idea of how to apply the rules of
logarithms in part (a), very few did so successfully. The most common error in part (a) was to begin incorrectly with In 52° = 31n 5z . This

error was often followed by other errors.

b. In part (b), very few candidates were able to describe the transformation as a vertical translation (or shift). Many candidates attempted to

describe numerous incorrect transformations, and some left part (b) entirely blank.

In an arithmetic sequence, u; =2 and uz = 8.

a. Findd. (2]
b. Find uo - [2]
c. Find .5'2() . [2]

Markscheme

a. attemptto findd (M1)

eg = ,8=2+2d

d=3 A1 N2
[2 marks]



b. correct substitution (A1)

e.g.uQ0:2+(2071)3,U20:3><2071
uy =59 Al N2
[2 marks]

c. correct substitution (A1)
20 20
e.g. S = 7(2+59) , S99 = 7(2 X 2419 x 3)

S90 =610 AI N2
[2 marks]

Examiners report

a. This question was answered correctly by the large majority of candidates. The few mistakes seen were due to either incorrect substitution into
the formula or simple arithmetic errors. Even where candidates made mistakes, they were usually able to earn full follow-through marks in the

subsequent parts of the question.

b. This question was answered correctly by the large majority of candidates. The few mistakes seen were due to either incorrect substitution into
the formula or simple arithmetic errors. Even where candidates made mistakes, they were usually able to earn full follow-through marks in the

subsequent parts of the question.

c. This question was answered correctly by the large majority of candidates. The few mistakes seen were due to either incorrect substitution into
the formula or simple arithmetic errors. Even where candidates made mistakes, they were usually able to earn full follow-through marks in the

subsequent parts of the question.

Given that \({\left( {1 + \frac{2} {3}x} \right)"n} {(3 + nx)"2} =9 + 84x + \ldots \) , find the value of n .

Markscheme
attempt to expand (1 + %ac) M1)
e.g. Pascal's triangle, (1 + %x) =1+ %nm +...

correct first two terms of (1 + %x)n (seen anywhere) (A1)
eg. 1+ %nm

correct first two terms of quadratic (seen anywhere) (41)
e.g.9,6nz, (9+ 6nz + n’z?)

correct calculation for the x-term A2

e.g. %nw X 94 6nzc,6n+6n,12n

correct equation A1

e.g. 6n + 6n =84, 12nx = 84z



n=7T7 Al NI
[7 marks]

Examiners report

This question proved quite challenging for the majority of candidates, although there were a small number who were able to find the correct value
of n using algebraic and investigative methods. While most candidates recognized the need to apply the binomial theorem, the majority seemed to
have no idea how to do so when the exponent was a variable, n, rather than a known integer. Most candidates who attempted this question did

expand the quadratic correctly, but many went no further, or simply set the x-term of the quadratic equal to 84z, ignoring the expansion of the first

binomial altogether.

a. The following diagram shows [AB], with length 2 cm. The line is divided into an infinite number of line segments. The diagram shows the first [5]
three segments.

diagram not to scale

A - - B
p P p
4 2 -
The length of the line segments are p cm, p? cm, p® cm, ..., where 0 < p < 1.
Show that p = %
b. The following diagram shows [CD], with length b cm, where b > 1. Squares with side lengths k cm, k% cm, k* cm, ..., where 0 < k < 1, are [9]

drawn along [CD]. This process is carried on indefinitely. The diagram shows the first three squares.

diagram not to scale

C i i i D

< b

L4

The total sum of the areas of all the squares is 1—96. Find the value of b.

Markscheme

a. infinite sum of segments is 2 (seen anywhere) (A1)

eg p+p+pP+...=2,

recognizing GP  (M1)

. u _ uy(r"—1)
eg ratioisp, T, U, = ug X 7, ———

correct substitution into .S, formula (may be seen in equation) A7

p

eg ﬂ



correct equation (A1)

eg 1 =2,p=2-2p

correct working leading to answer A1
eg 3p=2,2-3p=0

p= % (cm) AG NO

[5 marks]

b. recognizing infinite geometric series with squares  (M1)

k2
1-k2

eg KX +Kk+KES ...,

correct substitution into Soo = % (must substitute into formula) (A2)

correct working (A1)

eg 16k =9 —9k?, 25k* =9, k? = o

k= % (seen anywhere) A1

valid approach with segments and CD (may be seen earlier) (M1)
eg r=k, So=0

correct expression for b in terms of k (may be seen earlier) (A1)
o0

eg b=7, b=k, b=k+ K +k +...
n=1

substituting their value of k into their formula forb  (M1)

[9 marks]

Examiners report

IN/A]
b, IN/A]

Let f(z) = %w2 + 2 . The line L is the tangent to the curve of fat (4, 6) .

90

Let g(z) = 5= , for 2 < = < 12. The following diagram shows the graph of g .



[
T

a. Find the equation of L . [4]

b. Find the area of the region enclosed by the curve of g, the x-axis, and the lines z = 2 and z = 12 . Give your answer in the form alnb, [6]

where a,b € Z .

¢. The graph of g is reflected in the x-axis to give the graph of / . The area of the region enclosed by the lines L , x = 2, x = 12 and the x-axis [3]
is 120 120 cm? .

Find the area enclosed by the lines L , z = 2, £ = 12 and the graph of /1 .

Markscheme

a. finding f'(z) = %:z: Al

attempt to find f'(4) (M1)

correct value f'(4) =2 Al

correct equation in any form A1 N2
egy—6=2(xz—4),y=2z—-2

[4 marks]

12 90
2 3z+4

dx

b. area =

correct integral 4141

e.g. 30In(3z + 4)

substituting limits and subtracting (M1)
e.g.30In(3x12+4) —30In(3 x2+4),30In40 —301n10
correct working (A1)

e.g. 30(In40 — In 10)

correct application of Inb —Ina (A1)

e.g. 301n ;1—8

area = 30Iln4 A1 N4



[6 marks]
c. valid approach (M1)

e.g. sketch, area 4 = area g, 120 + their answer from (b)
area = 120+ 30In4 42 N3
[3 marks]

Examiners report

a. While most candidates answered part (a) correctly, finding the equation of the tangent, there were some who did not consider the value of their

derivative when x = 4 .

b. In part (b), most candidates knew that they needed to integrate to find the area, but errors in integration, and misapplication of the rules of

logarithms kept many from finding the correct area.

c. In part (c), it was clear that a significant number of candidates understood the idea of the reflected function, and some recognized that the
integral was the negative of the integral from part (b), but only a few recognized the relationship between the areas. Many thought the area

between /4 and the x-axis was 120.

Let z = In 3 and y = In 5. Write the following expressions in terms of z and y.

a ln(g) 2]

b. In45. [4]

Markscheme

a. correct approach (A1)

eg In5—1n3

ln(g) =y—x A1 N2

[2 marks]
b. recognizing factors of 45 (may be seen in log expansion)  (M1)

eg In(9 x 5), 3x3 x5, log3? x logh

correct application of log(ab) = loga + logh (A1)
eg In9+1n5, In3+In3 +Inb5, In3%2+1nb
correct working (A1)

eg 2In3+Inb, z+z+y

Ind5 =2z +y A1 N3

[4 marks]



Examiners report

a. Most candidates were able to earn some or all the marks on this question. Part (a) was answered correctly by nearly all candidates.

b. Most candidates were able to earn some or all the marks on this question. In part (b), the majority of candidates knew they needed to factor 45,

though some did not apply the log rules correctly to earn all the available marks here.

Let logsp = 6 and loggq = 7 .

a. Find log;p? . [2]
b. Find log; (%) . [2]
c. Find log;(9p) . (3]
Markscheme

a. METHOD 1

evidence of correct formula (M1)
eg logu™ = nlogu, 2logsp
logs(p?) =12 Al N2
METHOD 2

valid method using p = 35 1)
eg log;(3%)% , log 3'? , 12l0g,;3
log,(p?) =12 A1 N2

[2 marks]

b. METHOD 1
evidence of correct formula (M1)
eg log(%) =logp—logq,6 -7
Py _
log, (E) — 1 Al N2

METHOD 2
valid method using p = 3% and g = 3"  (M1)

eg log; (%:) ,log37!, —logs3
logs (%) -1 Al N2

[2 marks]

¢. METHOD 1



evidence of correct formula (M1)

eg logsuv = logzu + logzv , log9 + logp
log;9 = 2 (may be seen in expression) A1
eg 2+logp

log;(9p) =8 A1 N2

METHOD 2

valid method using p = 3° (M)

eg logs(9 x 3%), log,(3? x 3%)

correct working A1

eg log,9+ log336 , log:,,38

logs(9p) =8 AI N2

[3 marks]

Total [7 marks]

Examiners report

a.

This question proved to be surprisingly challenging for many candidates. A common misunderstanding was to set p equal to 6 and ¢ equal to
A large number of candidates had trouble applying the rules of logarithms, and made multiple errors in each part of the question. Common
P ) _ log,6

7 oz OF logs (%) = log36 — log7 in part (b), and
083

types of errors included incorrect working such as logsp? = 36 in part (a), log, (
log;(9p) = 54 in part (c).
This question proved to be surprisingly challenging for many candidates. A common misunderstanding was to set p equal to 6 and g equal to

A large number of candidates had trouble applying the rules of logarithms, and made multiple errors in each part of the question. Common

1
types of errors included incorrect working such as log;p? = 36 in part (a), log, <§> = lzz—f or logs <%) = log36 — log;7 in part (b), and
3

logs(9p) = 54 in part (c).
This question proved to be surprisingly challenging for many candidates. A common misunderstanding was to set p equal to 6 and g equal to
A large number of candidates had trouble applying the rules of logarithms, and made multiple errors in each part of the question. Common

1
types of errors included incorrect working such as log;p? = 36 in part (a), log, <§> = 12:—3? or logs <§) = log;6 — log,7 in part (b), and
3

logs(9p) = 54 in part (c).

Let f(z) = e*"3.

a. (i) Show that f }(z) =Inz —3. [l

(ii) Write down the domain of f~! .

b. Solve the equation f~!(z) = In = . (4]

Markscheme

a. (i) interchanging x and y (seen anywhere) M1

eg x =evtsd

correct manipulation A1
eghz=y+3, nhy=2+3
f Y (z)=Inz—-3 AG NO



i)z >0 Al NI
[3 marks]

b. collecting like terms; using laws of logs  (41)(A1)

T

eg lnz —ln(%) =3,Inz+Inz = 3,ln(%) =3,Inz>=3

simplify (A1)

3
eglnz =73, z? =¢é

m:eg (:\/e_3> Al N2

[4 marks]

Examiners report

a. Many candidates interchanged the = and y to find the inverse function, but very few could write down the correct domain of the inverse, often

giving z > 0, x > 3 and "all real numbers" as responses.

b. Where students attempted to solve the equation in (b), most treated In z — 3 as In(z — 3) and created an incorrect equation from the outset.

The few who applied laws of logarithms often carried the algebra through to completion.

In an arithmetic sequence, the first term is 8 and the second term is 5.

a. Find the common difference. [2]
b. Find the tenth term. [2]
c. Find the sum of the first ten terms. [2]

Markscheme

a. subtracting terms  (M1)

eg b—8, ug —u
d=-3 A1 N2

[2 marks]
b. correct substitution into formula (A1)
eg uio =8+ (10-1)(-3), 8 —27, —3(10) + 11

uip=—19 A1 N2

[2 marks]
c. correct substitution into formula for sum (A1)

eg Sio = 7 (8—19), 5(2(8) + (10 — 1)(~3))

Sip=—55 A1 N2



[2 marks]

Examiners report

o INA
b [N/A]
.. INA

Let f'(z) = 66;2; ,for0 < z < 6.

The graph of f has a maximum point at P.

The y-coordinate of P is In 27.

a. Find the z-coordinate of P. [3]
b. Find f(a:) expressing your answer as a single logarithm. [8]
c. The graph of f is transformed by a vertical stretch with scale factor ﬁ The image of P under this transformation has coordinates (a, b). [IN/A]

Find the value of a and of b, where a, b € N.

Markscheme

a. recognizing f'(z) =0 (M1)

correct working (A1)
eg 6—2x=0
r=3 A1 N2

[3 marks]

b. evidence of integration  (M1)

eg [f [ %dm
using substitution (A1)
eg [ +duwhereu = 6z — 2

correct integral A1

eg In(u) + ¢, In(6z — 2?)

substituting (3, 1n 27) into their integrated expression (must have ¢)  (M1)
eg In(6x3—3*)+c=1In27, In(18 —9) +1Ink = In27

correct working (A1)

eg ¢c=In27—-1In9

EITHER

c=1In3 (A1)

attempt to substitute their value of cinto f(z) (M1)

eg f(z) =In(6z — 2?) +1n3 A1 N4



OR

attempt to substitute their value of cinto f(z) (M1)

eg f(z) =1In(6z — 2?) +1n27 —1n9

correct use ofalog law (A1)

eg f(z) =1In(6z — z?) + ln(%), f(z) =In(27(6z — %)) —In9
f(z) =In(3(6z — z%)) A1 N4

[8 marks]

c.a=3 A1 N1

correct working A1

In27
In3

eg

correct use of log law (A1)

3In3
In3 ?

b=3 A1 N2

log;27

[4 marks]

Examiners report

a. Part a) was well answered.

b. In part b) most candidates realised that integration was required but fewer recognised the need to use integration by substitution. Quite a number

of candidates who integrated correctly omitted finding the constant of integration.

c. In part c) many candidates showed good understanding of transformations and could apply them correctly, however, correct use of the laws of

In27

logarithms was challenging for many. In particular, a common error was Ty = In9.



