Topic 3 Part 1 240 marks]

1b.

1lc.

2a.

[2 marks]

[2 marks]

Examiners report

There were a pleasing number of candidates who answered part (a) correctly. Fewer were successful with part (b). It was expected by
this stage of the paper that candidates would be able to just write down the value of the integral rather than use substitution to evaluate
it.

[3 marks]
Markscheme

[cos(mz—1)] %1 Mi

n+1l

= cos(mn) —cos(m(n +1)) Al

=2 whennisevenand =-2 whennisodd Al

[3 marks]

Examiners report

There were a pleasing number of candidates who answered part (a) correctly. Fewer were successful with part (b). It was expected by
this stage of the paper that candidates would be able to just write down the value of the integral rather than use substitution to evaluate
it.

[2 marks]
Markscheme

Joy [z~ 2sin(rz)|dz =2+2+...+2=18 (MI)AI
[2 marks]

Examiners report

There were disappointingly few correct answers to part (c) with candidates not realising that it was necessary to combine the previous
two parts in order to write down the answer.

[2 marks]
Markscheme

4z —05)2+4 AIAl

Note: A1 for two correct parameters, A2 for all three correct.

[2 marks]



2b.

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and

compound angle formulae. There were many good solutions to parts (a) — (e).

Markscheme
translation

<0(']5) (allow “0.5 to the right™) Al

stretch parallel to y-axis, scale factor 4 (allow vertical stretch or similar) A1

translation
<2> (allow “4 up”) Al

Note: All transformations must state magnitude and direction.

Note: First two transformations can be in either order.
It could be a stretch followed by a single translation of

<Of) . If the vertical translation is before the stretch it is
()

it
[3 marks]

Examiners report

[3 marks]

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(b) Exam technique would have helped those candidates who could not get part (a) correct as any solution of the form given in the
question could have led to full marks in part (b). Several candidates obtained expressions which were not of this form in (a) and so
were unable to receive any marks in (b) Many missed the fact that if a vertical translation is performed before the vertical stretch it has
a different magnitude to if it is done afterwards. Though on this occasion the markscheme was fairly flexible in the words it allowed

to be used by candidates to describe the transformations it would be less risky to use the correct expressions.



2c.

2d.

[2 marks]
Markscheme

general shape (including asymptote and single maximum in first quadrant), Al
intercept

(0, %) or maximum
(%,%) shown Al
[2 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(c) Generally the sketches were poor. The general rule for all sketch questions should be that any asymptotes or intercepts should be
clearly labelled. Sketches do not need to be done on graph paper, but a ruler should be used, particularly when asymptotes are
involved.

[2 marks]
Markscheme

AlIAl
0 < flz) <
Note: A1 fo

1
4
r

,Al for
<1
=g

0<
[2 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e).



2e.

2f.

[3 marks]
Markscheme

let

L dz = L dz
/ %1ﬁ”5 / 4(9:—%) "4

_ 1 1

2 ) 2 &
Notet 1t folloélmé ?hlrough an incorrect answer to part (a), do not award final A mark.
[3 marks]

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(e) and (f) were well done up to the final part of (f), in which candidates did not realise they needed to use the compound angle
formula.

[7 marks]
Markscheme

ISél 1 13 1

=</ ——du
Note A 756} correct cﬂ'gn“gzé bf limits. Award also if they do not change limits but go back to x values when substituting the limit

(even if there is an error in the integral).

(M1)

Llarctan(u)]?
Yar "

L(arctan(3) — arctan (%
feg the integral = (2 ))

M1
tan4] = tan(arctan(3) — arctan(%))
(MI)A1
3205 7" 25
TG
Afl=15[=x
[7 maf'lks] 16

Examiners report

This question covered many syllabus areas, completing the square, transformations of graphs, range, integration by substitution and
compound angle formulae. There were many good solutions to parts (a) — (e) but the following points caused some difficulties.

(e) and (f) were well done up to the final part of (f), in which candidates did not realise they needed to use the compound angle
formula.



[3 marks]
Markscheme

attempt at use of

M1
_ tan(A)+tan(B)

tan(A + B) " 1—tan(A) tan(B)
, Al 1

___5'8 _
P 1Ld (=3

Al
p=3

Note: the value of p needs to be stated for the final mark.

[3 marks]

Examiners report

Those candidates who used the addition formula for the tangent were usually successful.

[3 marks]
Markscheme

MIAI
tan(arctan(%) +arctan(%) + arctan(%)) = =1l

Al
arctan(%) + arcta,n(%) + arctan(%) _r
[3 marks]

Examiners report

Some candidates left their answer as the tangent of an angle, rather than the angle itself.

[2 marks]
Markscheme

cosg = 2cos2%z =1

COS;}B =dt 1+cos
positive as V 2

R1
0 SAabg s
1+4-cos

I
[Sntarks ]V 2

Examiners report
[N/A]

[2 marks]
Markscheme

(M1)
cos20 =1 — 2sin’6

1
e I 1—cosx
D iariesV 2



4c.

Examiners report

[N/A]

Markscheme
AL

\/iAf(; cos%m + sin %xdx

= %51[2sin%x — 2COS%$] E

= }@1(0) —/2(0-2)

[: ?na?‘ks]

Examiners report
[N/A]

Markscheme
METHOD 1

M1
tAD2:22—&—32—2><2><3><c0560O
or

)
AD? =12 +3% -2 x 1 x 3 x cos60°

Note: M1 for use of cosine rule with 60° angle.

Al
ADy AT

cosDAC = 974
2x3x /T

Note: M1 for use of cosine rule involving

DAC
Al
METHOD 2

let point E be the foot of the perpendicular from D to AC
EC =1 (by similar triangles, or triangle properties)

(or AE =2)

and

DEy: Py/t%agoras) (MI1)A1
ADF VT

_ 2
cosDAC = 7

Note: If first M1 not awarded but remainder of the question is correct award MOAOMIAIAIL.

[5 marks]

Examiners report
[N/A]

[4 marks]

[5 marks]



7a.

7b.

Markscheme
gMI)(AIg
sin®x + cos*z + 2sin z cosx = %
using
gMI)
sin’z + cos?z =1
2sinzcosz = —2
using 9
(M1)
2sinxzcosz = sin 2z
sinﬁﬁ: —%

cosdx =1 — 2sin®2z

Note: Award this M1 for decomposition of cos 4x using double angle formula anywhere in the solution.

Examiners report
[N/A]

Markscheme
(a)

Hence’?t%le @O%I’(Ii}l)ateS are

f,,,”s %)

Examiners report
[N/A]

Markscheme
Q)]
AIAIAI
7rf (m — (z+2cosz) )d:c
Note Award A1 for

, Al for correct limits and A1 for
22 — (z + 2cosz)?

e
(ii)

A2
6m2 (= 59.2)

Notes: Do not award ft from (b)(i).

[5 marks]

Examiners report
[N/A]

[6 marks]

[3 marks]

[5 marks]



8b.

Markscheme

J

AIAI

Wi 8K %

Note: Award A1 for correct shape and A1 for correct domain and range.

[2 marks]

Examiners report
[N/A]

Markscheme

jcodE)] =4

attempting to find any other solutions M1

Note: Award (M1) if at least one of the other solutions is correct (in radians or degrees) or clear use of symmetry is seen.

_gp_dr _2m
r=8mr— o ==
dr __ 8w

CAS (it iy

. dr 16w
=47+ =%

Note: Award A1 for all other three solutions correct and no extra solutions.
Note: If working in degrees, then max AOMIAQ.

[3 marks]

Examiners report
[N/A]

[2 marks]

[3 marks]



Markscheme
(a)

sin K’l sin 2z and 4sin zcos?z

2sinx cos
p=""—

: = 2cosx
sinx

Note:  Accept

sin 2z

sinz

[1 mark]

(b) EITHER

M1
Ek< 1= |2cosz| <1

Ml
Thﬁ\f<1:>fl<2cosa:<l

Soo ___ sinz

S N lfﬁﬁfgfccos ( i) )
OOA;@Aab cos (arccos ( 41) )

2

Note: Award A1 for correct numerator and A I for correct denominator.

g

f? %rks]

Total [7 marks]

Examiners report

[N/A]

[7 marks]



10a [2 marks]

" Markscheme
4
W
.-—"'""_'__'_-_-__-___
il
.'/
4 N AIAl
! aL
s =5 ;r'lI'rL

Note: A1 for correct shape, A1 for asymptotic behaviour at
o g
Yy= ig

[2 marks]

Examiners report
[N/A]

10b. [2 marks]
Markscheme

Al .
fedlar weon(2)

is equal to the domain of

hegy

5 inarks) © 7 °

Examiners report
[N/A]



10c.

10d.

Markscheme
@)
le— alrcta,n + arctan( )

/( 1 1
f 21 1+z2 L+_1L x &
f’( 2 o

1+w2 2241

11 2

= ﬁ 1422

=0

(i) METHOD 1
fisaconstant RI

when

231
ﬂG‘+_

METHOD 2

from diagram
Al

= 1
0 7Aalrctan =
a :R;)rctanw

™

ge—’ﬁc% 2
AG .
{irmon 3
Ml
tarﬁ(m)) = tan (arctan(z) + arctan(2))
_ s
&nogég)ator =0, so
R1
ki r >0

Examiners report
[N/A]

Markscheme

(i) Nigelis correct. Al
METHOD 1

is an odd function and

arctan .
Is an 051?1)functlon

gomposition of two odd functions is an odd function and sum of two odd functions is an odd function

METHOD 2

l]}cleret)ore Jg Iscg%%ddm{)u?l_c?igﬁans{ — () — arctan(%)

(11)

f; r)arks]z

[7 marks]

[3 marks]



11.

Examiners report
[N/A]

Markscheme
(@ METHOD 1

M1
2a1zgslin (1—45)
RefHbh 340

using the cosine rule:

ML,
3 X14 +4 —2&4)(4)005&
By 14

(b) one segment

MIAI
A, @ 1%) x 4% x 0.76879 — 1 x 47 5in(0.76879)

=0,58819K
Al

2A; = 1.18 (cm?)

Note: Award M1 only if both sector and triangle are considered.

[4 marks]

Total [6 marks]

Examiners report
[N/A]

[6 marks]



12.

13a.

[8 marks]
Markscheme

(a)

smﬁ ysm z—y)

= (sinz cosy + coszsiny)(sinz cosy — coszsiny)
= %1112 xcos?y + sin zsiny cosz cosy — sin zsinycosz cosy — cos?zsin’y
= sgnz zcos?y — cos?xsin’y
= sin’2(1 — sin’y) — sin?y(1 — sin’z)
= sfi‘nzas — sinzsin®y — sin’y + sin’zsin’y

Tl

(b)

(n = sin? :l:——
eis

AIAL |
fel— 1l

Note: Award A1 for each end point. Condone incorrect brackets.

[2 marks]

©

ra(n e ISSIII 93*—

AlIAl

gE}—OO, _4]U [%a OO[

Note: Award A1 for each part of range. Condone incorrect brackets.
[2 marks]

Total [8 marks]

Examiners report

Part a) often proved to be an easy 4 marks for candidates. A number were surprisingly content to gain the first 3 marks but were
unable to make the final step by substituting

for
1 —sin’y

%?‘tzsyb) and c¢) were more often than not, problematic. Some puzzling ‘working” was often seen, with candidates making little
headway. Otherwise good candidates were able to answer part b), though correct solutions for c) were a rarity. The range

was some}limes seen, but gained no marks.
ge 4, 3]

[2 marks]
Markscheme

MIAI
Az%><102xef%><102><sin9

Note: Award M1 for use of area of segment = area of sector — area of triangle.

AG
= 509 ]’yO sin 6



Examiners report

Part (a) was very well done. Most candidates knew how to calculate the area of a segment. A few candidates used

=20

13b. [3 marks]
Markscheme

METHOD 1

unshaded area

(T)rwgalgivzlg)r?t(gg_ sin )
(M1) )
507&4—1?09.—% 50sin 6) .
500 —50sin 6 = £(507 — 500 + 50sin )
39;135in0—7r:0
MErEbD 3 2
(MI)(Al)
500 — 50sin g — (1)
30 1 I’i sinf —mw =

[?’Zazrkls]‘)ﬁQ (rad)

Examiners report

Part (b) challenged a large proportion of candidates. A common error was to equate the unshaded area and the shaded area. Some

candidates expressed their final answer correct to three significant figures rather than to the four significant figures specified.



14a.

Markscheme
(i) METHOD 1

M1
. . _ .sin@\ ™
(1+itan@)" + (1 —itanf)" = (1+ Cose) (1—1:080)
cos 0+ sin 0 cosgfisinB)n

= I
by de M&ife’s )heore L)

A
r(ecos:ani sin O gﬁ __ cosnf+isin nd

coGfiifion that is the @Hiplex conjugate of  (R1)
cosf — isin 6 cosf + isinf

[10 marks]

use of the fact that the operation of complex conjugation commutes with the operation of raising to an integer power:

c‘()qs:b—isinﬁ " __ cosnf—isinnb
AGsH B cosnf

G +itan@)" + (1 — itan )" = 2cosnd
ETHOD 2

cosn @

(M1)

(14 itan@)™ (1 —itand)” = (1 +itanb)” + (1 +itan(—6))"

- ’&’08%41»1 sin 6)" (cos(—8)+isin(—6))"

cosn 6 cosn

Note: Award M1 for converting to cosine and sine terms.

use of de Moivre’'s theorem (M1)

Al
1 g o9
= ——(cosnb + isinnb + cos(—nh) + isin(—nb
L (—n6) + isin(—n6))
= 2Ls2"9 as cos(—nb) = cosnf and sin(—nf) = —sinnd
(ii) cos O(A-'_’-) 35y 4 . 37y 4 2 cos 4><—
(1;— itan ?) + (1 —itan ?) iy h

_ =
o 4 37

R3s' ar
=0 as COSTZO

Note: The above working could involve theta and the solution of .
cos(40) =0

SO isa root of the equation AG
itan =%
(iii) eltﬁer Al
—itan3T or —itanZX or itanZ
8 8 8
Note: Accept.
itan 3% or itan X
Accept. 8 8

)i or (l—ﬁ)i or (—1+\/§)i

[10 markg]

Examiners report

Fairly successful.



14b.

15a.

[13 marks]

Markscheme
(i) (M1) o=
tan T = 8

Al 4 lftarP%
tatn2£ —|—2tam1 —1=0
t p—
attemptlng I§) solve M1

2+2t—1=0 for t
Al

t=—1%+2 . e
is a first quadrant angle and tan is positive in this quadrant, so
s

8 R1
tan—>0

ta s —1
(iii) n A[
cosdx = 2cos?2z — 1
M 2
= %g2coszm — 1) —1
= 2((;4cos4w — 4cos?z + 1) -1
A

= 8cos*z — 8cos?z + 1

Note: Accept equivalent complex number derivation.

(i) = o,
fg 2cosdzx 41: de =2 ﬁ)g 8cos*z—8cos’z+1 dz
M1~ cos’z cos?z

=2 [¥ 8cos’z — 8 + sec’zdx

Note: The M1 isfor an integrand involving no fractions.

useof M1

cos’z = 2(cos 2z + 1)

Al
= 21f08 4cos2x — 4+ seczxdx

= [4sin2z — 8z i 2tanm]
(orequivalent)

=42 —m— 2
[13\r{1;rks73

Total [23 marks]

Examiners report

(i) Most candidates attempted to use the hint. Those who doubled the angle were usually successful - but many lost
the final mark by not giving a convincing reason to reject the negative solution to the intermediate quadratic equation.
Those who halved the angle got nowhere.

(ii)  The majority of candidates obtained full marks.

(iii)  This was poorly answered, few candidates realising that part of the integrand could be re-expressed using ,

which can be immediately integrated. = sec*

cos?z

[3 marks]
Markscheme

each triangle has area = (M1) ) .
1z2sin 2T (use of zabsin C)
there are 8 @ 2

triangles o} A11 )
A=1ng?sin 2T

A14< nx? sin <X )8 n
so AG ™

— Mgip 27

[3 mark%] ®



15b.

16a.

Examiners report

Most candidates found this a difficult question with a large number of candidates either not attempting it or making
little to no progress. In part (a), a number of candidates attempted to show the desired result using specific regular
polygons. Some candidates attempted to fudge the result.

[4 marks]
Markscheme

attempting to find the least value of

such that (Mlg
s

A1 2—Sln > 0.99

n = 26
attempting to find the least value of

such that (Mllﬁ
n —— > 0.99
(and so a Ve(éﬂim?pblygon with 21 sides) A1

n =21
Note: Award (MO)AO(M1)A1 if |s not considered and is cs%r&ctly considered.
2
Zsin =T > (.99 ——>0.99
Award (M1)A1(MO)AO for . 2m m(1+cos I)

n = 26
[4 marks]

Examiners report

In part (b), the overwhelming majority of candidates that obtained either or or both used either a GDC numerical
solve feature or a graphical approach rather than a tabular approach whierrHore appropriate for a discrete variable
such as the number of sides of a regular polygon. Some candidates wasted valuable time by showing that (a givep, 2«

result). "~ m(l4cos I)

[2 marks]

Markscheme

use of to obEain ] M11 ) . 5
Al A= Sqrsid 3 (z+2)(5 — z)*sin 30

= igx +2)(25 — 10z + z?)

= 1(z% — 8z% + 5z + 50
[Zm#rg?s] )

Examiners report

This question was generally well done. Parts (a) and (b) were straightforward and well answered.



16b.

16c¢.

Markscheme
(i)
(i) METH®
EITHER

M1A1
2
6%:1(3@) —16(§)+5) ~0

SO when AG

ME‘i’HOD 2 3

solving for M1
44 -0
Al dz
2 << b=ax=
so when AG 3
dA 1

|~

METHOD 3 3
a correct graph of Xgrsus M1

the graph clearly sWwing that when A1
—f =
so when AG d”ﬁ
dA

3 fAfarks 7 3

Examiners report

This question was generally well done. Parts (a) and (b) were straightforward and well answered.

Markscheme
(i) Al
d2A 1
==(3z—8
for dﬁll d2i “ )
3.5(<0
) glvesz’thedﬁ%ammum ag’ga o)f triangle AG
z=1 PQR
(i) Al 343 7 2
Apax = = 1%,
(i) “and ﬁi ) (em?)
cm
(M1)%\1)2 )4 (cm) , )
QR? ?) —2( )(?) cos 30
= 391.702 .
R = 19 8 (cm)
[7 marks]

Total [12 marks]

Examiners report

Al
dar= 1 3m—1693+5) 13z —1)(z —5)

[3 marks]

[7 marks]

This question was generally well done. Parts (c) (i) and (ii) were also well answered with most candidates correctly

applying the second derivative test and displaying sound reasoning skills.

Part (c) (iii) required the use of the cosine rule and was reasonably well done. The most common error committed by

candidates in attempting to find the value of was to use rather than The occa5|

QR

Qnal candidate used .

N |



17a. [6 marks]

Markscheme
METHOD 1

squaring both equations M1

(A1)
951}1213 + 245sin B cos C + 16cos*C = 36

9cos? B + 24 cos Bsin C + 16sin’C = 1
adding the equations and using to obtam M1

Al cos’f + sth%924 &in(B + C) + 16 = 37
24$sin BcosC + cos BsinC) = 12

'Al)

245in(B + C) =12

sin
£I'HOD
substituting for and to obtain
sin Bcos B
M1

%p ujg+51nrg)£6 4C°SC) cos C + (1 4;1110) sin C

substltutlﬁg for and to obtain
sin Ctos C'

iy b (52) +con (1222)

Addlng th‘é two equations for :

sin(B + C)
2 Sfl\ll(lB + C (18 sin B+-24 cos C)+(4 sin C+3 cos B)—25
12
_ 36+1-25
szB +C) = -
sin
(I'HOD
substituting and to obtain
sin Bin C'
M1
sinjHarifd) ror éﬁ_oli%socb 595 C + cos B (1 3;’053)
cos Ros

M@gﬁ@mmg—f—%?’;ﬁ 32(3 (452€) sinc

+C
(or equivalent) 5 ) . B) o
9 sin} B + C cos -;sm = + sin -Zcos =

(18 sin B+24 cos C)+(4 sin C+3 cos B)—25

2 sm(lB +0) = D
_ 36+1-25

smAB +0) = T

sin(B+ C) =

[6 marks] 2

Examiners report

Most candidates found this a difficult question with a large number of candidates either not attempting it or making

little to no progress. In part (a), most successful candidates squared both equations, added them together, used and

then simplified their result to show that . A number of candldates started with a correct alternative method (see & 20 + sin?
markscheme for alternative approache§}%(13wbr@)mak§|e to follow them through fully.



17b.

18a.

Markscheme

so Rl1
sin:;iln#lsi:nélﬁ(]B—l—((B +0C))
sin(B+C)=1=sind=
or Al 2
= A = 360°
if , then R1

A = 150 30°
for example, , ie a contradiction R1

3sinB+4cosC <32 +4<6
only one possible value ~AG 2

(A= 30°)

N |

[5 marks]
Total [11 marks]

Examiners report

[5 marks]

In part (b), a small percentage of candidates were able to obtain or but were then unable to demonstrate or explain

why is the only possible value for triangle ABC.
A =30°

Markscheme

METHOD 1
M1A1
area = 122 — %220 (= 3m)

Note: Award M1 for using area formula.

Al
=20=r=0=7

Note: Degrees loses final A1
METHOD 2

let
z=2r—0
M1

162
area = =2 =3
rea = ;2°z (= 3m)

= T =
Al

= 0=
METHOD 3

™

A ol

Area of circleis Al
47
Shaded area is gf the circle (R1)
Al 4
=0=I
[3 marks]

Examiners report

Good methods. Some candidates found the larger angle.

B BO-€38°160°+ A56°30°)

[3 marks]



18b.

19.

20a.

Markscheme

Al
arc length = 237”

erimeter = 23Z 4+ 2 x 2
L Al 2

=3r+4
[2 marks]

Total [5 marks]

Examiners report

Generally good, some forgot the radii.

Markscheme

tanx + tan2x = 0
M1

tanz + 2L — (
Al

1—tan?z
tanx — tan®z + 2tanz = 0
(M1)
tanz(3 — tan’z) = 0
Al

tanz=0= 2 =0, z = 180°

Note: If seen anywhere award AO

x = 360°
Al
tal}q?:l =./3 =1z =060° 240°

tanz = —/3 = z = 120°, 300°
[2nmmarks]f “

Examiners report
[N/A]

Markscheme

any attempt to use sine rule M1

AR _ V3

Sinél N sin% 79)

2 2
sin T”cos 0—cos ?”sm 0

Note: Condone use of degrees.

Al V3
A_B%COS 0+%si%0
4AG écos 0+%sin 0

14 maﬁ(sj/?? cos 6+sin 6

Examiners report
[N/A]

[2 marks]

[6 marks]

[4 marks]



20b.

21a.

21b.

Markscheme
METHOD 1

(Agl’Aj -3 (*\/?_) sin f+cos 0)

setting 1/3 cos O-+sin 6)
(AB) =0

tanf = L
Al 3

™

f=2Z
METHOD 2

2

AB — \/gsing
minimum(ﬁghea) is maximum M1
AB sin(?7T - 9)

shortest distance from to is perpendicular to

B AC
M1A2

L —

g—1I_ 1 _
[4 marks}

a
6

Total [8 marks]

Examiners report
[N/A]

Markscheme
- tan z+1
9 OAG(E) - tan z—1
s < s
fzﬁqéikgr TS

Examiners report
[N/A]

Markscheme

M1A1 sin:
tanz+1 csosa:+1

tanggl sinw
__ sinztcosz>”

[2 FrKs]«

Examiners report
[N/A]

R1

AC

[4 marks]

[2 marks]

[2 marks]



21c.

21d.

Markscheme
METHOD 1

dy M1 (é\m& cos z)(cos z—sin z)— (sin z+cos z)(cos z+sin )

dz 2

sing—cos z
dy  (2sinzcosz—cos’ (sm%) 2'sin x cos z+cos?z-+sin’z)
dz cos?z+sin’z—2 sin z cos =

2
Substititd into any formula for M1
g

6 dz
=2
=
V3
_ =%
M3
_ 4 f@ )
‘E} +
= -8 —
METHOD 2

dy Ailﬂt%n z—1)sec?z—(tan z+1)sec’z

dzAE ) (tan avfl)2
—2sec’T

e O

(tan%71)2 (%4)2 C (1-vB)?

Note: Award M1 for substitution .

ol

M1A1 a (4+2\/')
[(emyks] (4-2v3) (4+2v3)

—8—44/3

Examiners report

[N/A]
Markscheme
Area M1

«
Al fg sin z+cos
0  sinz—cosz

= |[In|sinz — cosz|] §

M1

= ‘ln’sin 2 — cos 1‘ — In|sin 0 — cos OH

- %o
W)

= X
_ va—1 \f+1)
ﬁfﬁé@“’

Total [16 marks]

Examiners report
[N/A]

Note: Condone abseLce of limits and absence of modulus signs at this stage.

[6 marks]

[6 marks]



22.

[6 marks]

Markscheme
&

METHOD 1
G(Ml) 7 7 sin 50
_ : __ Tsin
sinPA17 sin C = sinC = 6
C=063.344...
or (A1)

C =116.655. ..
(A1)
B=13344... (or B=66.656...)
(M1)
area = 5 X 6 x 7 xsin13.344... (or 2 x 6 x 7 x sin66.656 ... .)
4.846... (or =19.281...)
Al

SO answer is
4.85 (cm?)
METHOD 2

(M1£(A1)
62 =72+ b — 2 x Tbcos 50
or equivalent method to solve the above equation (M1)

b — 14bcos50 + 13 =0
(A1)
b=171912821... or b=1.807744...
(MI1)
area = + X 7 x 1.8077...sin50 = 4.846.. ..
gor 1 x7x 7.1912821...5in50 = 19.281.. )

0 arswer is

4.85 (cm?)
METHOD 3

B

Diagram showing triangles and  (M1)
ACBADB

(M1)
h = 7sin(50) = 5.3623... (cm)
(M1)
a = arcsin 2 = 63.3442 . ..
(M1) 6
A(;’ilj&D — CD = 7cos50 — 6cosa = 1.8077... (cm)
area = < x 1.8077... x 5.3623. ..
Al 2

=4.85 éch)
Total [6 marks]

Examiners report

Most candidates scored 4/6 showing that candidates do not have enough experience with the ambiguous case. Very
few candidates drew a suitable diagram that would have illustrated this fact which could have helped them to
understand the requirement that the answer should be less than 10. In fact many candidates ignored this requirement
or used itincorrectly to solve an inequality.



23a

23b.

[6 marks]
Markscheme

(i)

(cos @ + isin §)°
= cos%60 + 5icos*#sin 6 + 10i%cos3fsin? 6+
AlAl
10i%cos?6sin®0 + 5i* cos Osin* + i°sin®0
(= cos®8 + bicos?fsin 6 — 10cos*fsin’H—

10icos®@sin®@ + 5 cos fsin* 6 + isin’6)

Note: Award first Al for correct binomial coefficients.

(ii) M1
(cisf)® = cis50 = cos 50 + isin 50

= %%550 + Hicos*@sin @ — 10cos®Asin®6 — 10icos?fsin®H+

5 cos Osin?6 + isin®0

Note: Previous line may be seenin (i)

equating imaginary terms M1

AG
sin 50 = 5cos*#sin § — 10cos?fsin®6 + sin®f
(iii) equating real terms

Al
cos 50 = cos®0 — 10cos360sin?6 + 5 cos fsin* 0
[6 marks]

Examiners report

In part (i) many candidates tried to multiply it out the binomials rather than using the binomial theorem. In parts (ii)
and (iii) many candidates showed poor understanding of complex numbers and made no attempt to equate real and
imaginary parts. In a some cases the correct answer to part (iii) was seen although it was unclear how it was obtained.

[4 marks]

Markscheme

M1

(rcisa)® = 1 = rcisba = 1cis0
Al

P=1=r=1
(M1)

5aA:10:i:360k, keZ = a="T2k

a="T72°

Note: Award M1AO if final answer is given in radians.

[4 marks]

Examiners report

This question was poorly done. Very few candidates made a good attempt to apply De Moivre’s theorem and most of

them could not even equate the moduli to obtain .
r



[4 marks]

23c.
Markscheme
use of OR the imaginary partof is (M1)
lsin(5><72):0 10
0 :Mgcos‘la sina — 10cos?asin®a + sin®a
sina # 0 = 0 = 5(1 — sin?a)? — 10(1 — sin’a)sin’a + sin‘a
Note: Award M1 for replacing .
cos?a
Al
0 = 5(1 — 2sin’a + sin‘a) — 10sin?a + 10sin*a + sina
Note: Award Al for any correct simplification.
so AG
16sin*a — 20sin’a + 5 =0
[4 marks]
Examiners report
This question was poorly done. From the few candidates that attempted it, many candidates started by writing down
what they were trying to prove and made no progress.
23d. [5 marks]
Markscheme
. ’;’“E 20,/400—320
sin“a¢ = ————
sina = =+ PR
sina = V104275 1(112\/5

Note: Award Al regardless of signs. Accept equivalent forms with integral denominator, simplification may be seen
later.

as, we have t%take both positive signs (or equivalent argument) R1
TR700> - = :

Note: Allow verification of correct signs with calculator if clearly stated

Al
sin72 — V10+2V5
[5 marks] 4

Total [19 marks]

Examiners report

Very few made a serious attempt to answer this question. Also very few realised that they could use the answers given
in part (c) to attempt this part.



24a.

24b.

25a.

Markscheme

(M1)
A=1x%x5x12 xsin100°
A12

29.5 (cm?)
[2 marks]

Examiners report
[N/A]

Markscheme
(M1)

AC? =52 +122 — 2 x 5 x 12 x cos 100°
therefore Al

C =13.8 (cm)
[2 marks]

Total [4 marks]

Examiners report
[N/A]

Markscheme

EITHER

area of triangle A1
=1x3x4 (=6)
area of sector A%

= larcsin(2) x 5% (=11.5911...)

OR 2 5

M1A1
1[;:'%{“25 — z2dz

total area (A1)

=17.5911... m?
percentage Al
— 17.5911... x 100 = 44%
[4 marks] 40

Examiners report
[N/A]

[2 marks]

[2 marks]

[4 marks]



25b.

25c.

26a.

Markscheme
METHOD 1
\;‘ a* -k [Ls]
5| ?
i3 o
g
area of triangle A1
=1x4x+va2—16
(A1) 2
0 = arcsin i)
area of sec Al

=129 142 arcs1n(4)
therefore total aréa  A12

, =2va? — 16 + —a arcsm( ) =20
rearrange to give: AG

a arcsm(i) +4+v/a? — 16 = 40

METHOD 2

Uf@, \/a2 —z2dz = 20
e

substitution
z =asinf, 9 = gcosh

. T
(;) a?cos?6d6 = 20
o Mecsin( 2
L “/ (cos 26’—i:1 1)dé = 20

S1H20 arcsin -
a2 [( N 0)] rcsin(ij 40
az[‘gslm0cost9+0} ©/ =40

2

a221é:sm( ) + a? ( ) (1—(%) ) =40

a? arcsmg ) +4va2 — 16 = 40
[4 marks]®

Examiners report
[N/A]

Markscheme

solving using A2
GDC = a = 5.53 cm
[2 marks]

Total [10 marks]

Examiners report
[N/A]

Markscheme

area of

Al
AOP = %73 sin 6
[1 mark]

[4 marks]

[2 marks]

[1 mark]



26b.

26¢C.

Examiners report

The majority of candidates were able to find the area of Triangle AOP correctly. Most were then able to get an expression for the

other triangle. In the final section, few saw the connection between the area of the sector and the relationship.

[2 marks]
Markscheme

(M1)
TP = rtanf
area of POT

=1
= gﬁrtane)

=1r2tanfh

[2 tarks]

Examiners report

The majority of candidates were able to find the area of Triangle AOP correctly. Most were then able to get an expression for the

other triangle. In the final section, few saw the connection between the area of the sector and the relationship.

[2 marks]
Markscheme

area of sector OAP
Al
=12 #
area of triangle OAP < area of sector OAP < area of triangle POT RI

%rzjgw < %1"20 < %7‘2 tan6
ﬁn nQa ?kg]< tan6

Examiners report

The majority of candidates were able to find the area of Triangle AOP correctly. Most were then able to get an expression for the

other triangle. In the final section, few saw the connection between the area of the sector and the relationship.



27a [9 marks]

" Markscheme
()

A2

Note: Award A1 for correct

,.Al for correct

sinz

sin 2z

Note: Award AIA0 for two correct shapes with
;md/or 1 missing.

2

Note: Condone graph outside the domain.

(ii)
’. .
sin 2z = sinx

0 < 2
2sinxzcosz —sinz =0
sngippoa O

sz,%

(iii)) area

M1
_ [ (sin% —si
N 0&3: Sgg}arg Mi 1?0%);1%%ntegral that contains limits, not necessarily correct, with
and

sin z L
SLIJ]btracted in either order.
sin 2z



27b.

o

1
M%ﬁos 2x + cos z]

2 g
08 = -+ cos g)

| o«

|
—~—

N =

(—%cos 0+ cos0)

Il
o= O

=

§I'—‘:§|w
~I

53

—~

Examiners report

A significant number of candidates did not seem to have the time required to attempt this question satisfactorily.

Part (a) was done quite well by most but a number found sketching the functions difficult, the most common error being poor
labelling of the axes.

Part (ii) was done well by most the most common error being to divide the equation by

and so omit the x = 0 value. Many recognised the value from the graph and corrected this in their final solution.

Thefinal part was done well by many candidates.

Many candidates found (b) challenging. Few were able to substitute the dx expression correctly and many did not even seem to
recognise the need for this term. Those that did tended to be able to find the integral correctly. Most saw the need for the double angle
expression although many did not change the limits successfully.

Few candidates attempted part ¢). Those who did get this far managed the sketch well and were able to explain the relationship
required. Among those who gave a response to this many were able to get the result although a number made errors in giving the

inverse function. On the whole those who got this far did it well.

[8 marks]
Markscheme

MIAIAT x
1/ = _ [ 4sin’) :
PG’O :‘&é;w(zilfd foig/sub@ﬁ'rﬁﬂiél %ﬁﬁlreeggosr?zﬁﬁe attempt at finding expression for dx in terms of

, first A1 for correct limits, second A1 for correct substitution for dx .

Al
I 1‘%113 6do

f(f A41_ 4cos 29d§

_ D P D
= [82%1)251.1121:9}0

= 271—2sm§) -0
8 marid]”

Examiners report

A significant number of candidates did not seem to have the time required to attempt this question satisfactorily.

Part (a) was done quite well by most but a number found sketching the functions difficult, the most common error being poor
labelling of the axes.

Part (ii) was done well by most the most common error being to divide the equation by

and so omit the x = 0 value. Many recognised the value from the graph and corrected this in their final solution.

Thefinal part was done well by many candidates.

Many candidates found (b) challenging. Few were able to substitute the dx expression correctly and many did not even seem to
recognise the need for this term. Those that did tended to be able to find the integral correctly. Most saw the need for the double angle
expression although many did not change the limits successfully.

Few candidates attempted part ¢). Those who did get this far managed the sketch well and were able to explain the relationship
required. Among those who gave a response to this many were able to get the result although a number made errors in giving the

inverse function. On the whole those who got this far did it well.



[8 marks]

27c.
Markscheme

@

M1
from the diagram above

the shaded area

R1
- & ({(mzdm =ab— [ f1(y)dy
=ab— [ f~'(z)dz

(i)

Al
f(z) = arcsin = f~!(z) = 4sinz
, MIAIAI k
]LO arcsin % d:c:%ff6 4sin zdz
ote: Award A1 for the ﬂmit

seen anywhere, A1 for all else correct.
s
6

Al

= %4; [—4cosm}g
=2-4+23

Note: Award no marks for methods using integration by parts.

[8 marks]



28.

Examiners report

A significant number of candidates did not seem to have the time required to attempt this question satisfactorily.

Part (a) was done quite well by most but a number found sketching the functions difficult, the most common error being poor
labelling of the axes.

Part (ii) was done well by most the most common error being to divide the equation by

and so omit the x = 0 value. Many recognised the value from the graph and corrected this in their final solution.

Thefinal part was done well by many candidates.

Many candidates found (b) challenging. Few were able to substitute the dx expression correctly and many did not even seem to
recognise the need for this term. Those that did tended to be able to find the integral correctly. Most saw the need for the double angle
expression although many did not change the limits successfully.

Few candidates attempted part c). Those who did get this far managed the sketch well and were able to explain the relationship
required. Among those who gave a response to this many were able to get the result although a number made errors in giving the

inverse function. On the whole those who got this far did it well.

[5 marks]
Markscheme

area of triangle

M
POQ = 18%sin59°
=2743 (Al

area of sector

M21 59
=78 360

=3295 (Al)
area between arc and chord

=32.95—-27.43

Al
=5.52 (cm?)

[5 marks]

Examiners report

This was an easy starter question, with most candidates gaining full marks. Others lost marks through premature rounding or the

incorrect use of radian measure.



29.

Markscheme

let the length of one side of the triangle be x
consider the triangle consisting of a side of the triangle and two radii

EITHER

z2 =72 412 —2r2 cos120°

=3r?
OR

Ml
x = 2rcos 30°

THEN

Al
z =73

SO perimeter

Al
=3+/3r
now consider the area of the triangle

area

Ml
=3 x %7‘2 sin 120°
Al
=3x ﬁ'ﬂ
4
337
A,
Al
—4

P _
A

p
Note: Accept alternative methods

[6 marks]

Examiners report

[6 marks]

It was pleasing to see some very slick solutions to this question. There were various reasons for the less successful attempts: not

drawing a diagram; drawing a diagram, but putting one vertex of the triangle at the centre of the circle; drawing the circle inside the

triangle; the side of the triangle being denoted by r the symbol used in the question for the radius of the circle.



30.

[5 marks]
Markscheme

(@)

MI
—2=1+ksin()

Al
-3=1k

AG N0
k=—6

(b) METHOD 1

maximum

b=1-6(—1)
Al N2

=7

METHOD 2

M1
y =0

3

kcosz=0=z=7, 7, ...

b=1-6(—1)
Al N2
=7
Note: Award AIA1 for

(5:7)

[5 marks]

Examiners report
This was the most successfully answered question in the paper. Part (a) was done well by most candidates. In part (b), a small number
of candidates used knowledge about transformations of functions to identify the coordinates of B. Most candidates used

differentiation.



31.

Markscheme
(a) METHOD 1

let

and
z = arctan% = tanz =

Y :ﬁ;ctané = tany =

1.1
tan z+tany S
tan(z +y) = =223
SO, %

l-tanztany 1,% l?

AIAG
T +'1IL: arctanl =X
METHOD 2 4

for

z, y>0
i

arcjppe +arctany = arctan( il >

1-zy
zy <1
SO,

AIAG L
Mmlqi)bagctan% = arctan( ::j ) =2
2

an appropriate sketch M1

=

e.g.

P

correct reasoning leading to
RIAG

s

1

(b) METHOD 1

arctan(2) +arctan(3) = J — arctan(%) +3- arctan(%)
=T éarctan(l)_—&- arctar}ﬁg? o
Note: Only one df the previots ftwo marks may be implied.

Al NI

i 3

=T —_—
METHOD 2
let

and
r = arctan2 = tanz = 2

y = arctan3d = tany =3
M1 .
anz+tany 243 1

‘aclgn(:c—{—y) - l-tanztany T 1-2x3

[5 marks]



d<:c<% (accept0<:c<%)

<(I§ll)< = (accept 0<y< 1)
+

g{<ﬂ' (accept 0 <z +y <)
nly one of the previous two marks may be implied.

Al NI
Tty ==
METHOD 3
for

x >0
> ()

gictane +arctany = arctan( ) +mifey > 1
AD)
NSty 660 Hhie W%(I%mbarts%ay be implied.

é‘,‘rl N1
METHOD 4
an appropriate sketch M1

’\’~

e.g.

correct reasoning leading to
RIAI

3

[8 marks]



32.

33.

Examiners report

Most candidates had difficulties with this question due to a number of misconceptions, including

and

arctanz = tan "z = <=2

, showing thﬁ%si%lihoutg \'Candidates were familiar with the notation, they did not understand its meaning. Part (a) was done well
arctanr = ——

among candidates who recognized arctan as the inverse of the tangent function but just a few were able to identify the relationship

between parts (a) and (b). Very few candidates attempted a geometrical approach to this question.

[5 marks]
Markscheme

Alg 2 2

Al
Ri\/)gr

hence exact value of the ratio

Al NO
R:ris+/3:1
[5 marks]

Examiners report

This question was successfully answered by most candidates using a variety of correct approaches. A few candidates, however, did
not use a parameter for the angle, but instead substituted an angle directly, e.g.,

or
1r

ENENYY

[8 marks]

n4+n+1>2n+1

n+n+1>n?-1

@n+1) 34 (n2—1) 2~ (R +n+1)°

cost) = 2020 1)(n2_1)

_ =P —n’4on+1
T 22n+1)(m2-1)
(n—1)(n+1)(2n+1)

2(2n+1)(n?—1)



Examiners report

There were very few complete and accurate answers to part a). The most common incorrect response was to state the triangle
inequality and feel that this was sufficient.

Many substituted a particular value for n and illustrated the result. Most students recognised the need for the Cosine rule and applied it
correctly. Many then expanded and simplified to the correct answer. There was significant fudging in the middle on some papers.

There were many good responses to this question.



34.

Markscheme

@
MIA1
sin(2n + 1)zcosz — cos(2n + 1)zsinz =sin(2n + 1)z — z
AG

= sin2nx
[2 marks]

by ifn=1 MI

LHS = cosz

RH __sin2x __ 2sinzcosz — coszT

SO LHE iSﬁf—IS_ and’the statement is true forn =1 RI
assume true forn=k MI
Note: Only award M1 if the word true appears.

Do not award M1 for ‘let n = k’ only.

Subsequent marks are independent of this M1.

SO
cosz +cos3z +cosbz + ...+ cos(2k — 1)z = %
ifn=k+ 1 then

M1

cosz +cos3x + cosbz + . .. + cos(2k — 1)z + cos(2k + 1)z

AL
= % +cos(2k+ 1)z

_ s Zka+2cos(2k+1)zsinz

M 2sinz
o sm({k-%—l)a: cos z—cos(2k+1)z sin z+2 cos(2k-+1)a sin

A 2sinz
_ 8in(2k+1)z cos z-+cos(2k+1)zsinz

2sinz

_ 51}1% k+2)
o éélzs(llz]fl)m

. 2si
so if frue for 1 = k, then also true forn =k + /
as true for n = 1 then true for all

R1
n ezt
Note: Final R1 is independent of previous work.

[12 marks]

(©)
MIAI

sindr  __ 1

2sinz 2

sindz =sinz
but this is impossible
dr=z=x=0

Al
4ac:7r—a::>ac:%
Al
4:102277—1—.7::>ac:2?7T
Al

de=3r—z=z=2=

for not including any answers outside the domain ~ RI
Note: Award the first M1A 1 for correctly obtaining

or ecg{uivalent and subsequent marks as appropriate including the answers
8cos’x —4cosz —1=0

s P

[20 marks]



35.

36.

Total [20 marks]

Examiners report

This question showed the weaknesses of many candidates in dealing with formal proofs and showing their reasoning in a logical
manner. In part (a) just a few candidates clearly showed the result and part (b) showed that most candidates struggle with the
formality of a proof by induction. The logic of many solutions was poor, though sometimes contained correct trigonometric work.
Very few candidates were successful in answering part (c) using the unit circle. Most candidates attempted to manipulate the equation
to obtain a cubic equation but made little progress. A few candidates guessed

s a solution but were not able to determine the other solutions.

| Y
|5

[4 marks]
Markscheme

Al
o=y
Al
=%
period
M1
Al
b== (=2.09)
[4 marks]

Examiners report

Most candidates were able to find a and ¢, but many had difficulties with finding b.

[6 marks]

Markscheme
AC=AB=10(cm) Al
triangle OBC is equilateral (M1)
BC=6(m) Al
EITHER
MIA1
BAC = 2arcsin %
(accept 0.609 radians) Al
BAC =34.9°
OR
cosA]gXACI L )
(accept 0.609" ?z%aﬁlgs) A1
BAC =34.9°
Note: Other valid methods may be seen.

[6 marks]

Examiners report

The question was generally well answered, but some students attempted to find the length of arc BC.



37.

Markscheme

(@)

(allied) A1

OAB=n-0

recognizing OAB as an isosceles triangle M1
SO

ABO=7-6

(alternate) AG

BOC=7-0

Note: This can be done in many ways, including a clear diagram.
[3 marks]

(b) area of trapezium is

(M1)

T = areappoc + areappron
MIAIT

= 1r?sin(m — ) + 1r? sin(20 — 7)
AG

= %1"2 sinf — %7‘2 sin 20
[3 marks]

(© @

MIAI
A — 112 0050 — r2 cos 26

0 2
fc(l)l' maximum area

M1

%1"2 cosf — 2 cos20 =0
AG

cosf = 2cos 20

(i)
(Al)
Opmax = 2.205. ..
Al
Lsin@,,. — isin26,,, = 0.880
f5 marks]
Total [11 marks]

Examiners report

[11 marks]

In part (a) students had difficulties supporting their statements and were consequently unable to gain all the marks here. There were

some good attempts at parts (b) and (c) although many students failed to recognise r as a constant and hence differentiated it, often

incorrectly.



38.

39.

[6 marks]
Markscheme

sin (m + %) = sinx cos (%) + cosz sin (%)

™

sin x cos (%) +cosx sin( 3

: 3 3
ls1n:v—i—§cosac =2x %

dividing by

) = 2sinmsin(§)

sin x

and rearranging M1

coszT
Al

tanz = V8

rationalizzﬁ{‘ﬁgfthe denominator M1

Al
11tanz =6 ++/3
[6 marks]

Examiners report
Most candidates were able to make a meaningful start to this question, but a significant number were unable to find an appropriate
expression for

or to rationalise the denominator.
tanz

[6 marks]
Markscheme

use of cosine rule:

(M1)AL
BC=,/(8%+17%—2x7x8cos70) =8.6426...
Note: Accept an expression for

BC?

Al
BD =5.7617... (CD =2.88085...)
use of sine rule:

(MI1)A1

. . Tsin70 | _ o A: o
uB;e_o%IE:COSSIEIQ—rIﬁGZ) 49.561..° (C=60.4387..2°)

Al
AD = /82 +BD? —2 x BD x 8cos B = 6.12 (cm)
Note: Scale drawing method not acceptable.

[6 marks]

Examiners report

Well done.



40.

Markscheme

(a) the area of the first sector is
1229
the sequence of areas is
q
(A1)

20, 2k0, 2k%0. ..
the sum of these areas is

(M1)
201 +k+k+...)

AG
0 =2n(1—k)

Note: Accept solutions where candidates deal with angles instead of area.

[5 marks]

(b) the perimeter of the first sector is
(Al)

4420

the perimeter of the third sector is
(Al

44 2k%0
the given condition is

M1
44 2k20 =246
which simplifies to

Al
2=0(1—-2k?)
eliminating
,eobtain cubic in k:

Al
m(1—k)(1—-2K)—1=0
or equivalent
solve for k = 0.456 and then

AIAI
0 =3.42
[7 marks]

Total [12 marks]

Examiners report

This was a disappointingly answered question.

[12 marks]

Part(a) - Many candidates correctly assumed that the areas of the sectors were proportional to their angles, but did not actually state

that fact.

Part(b) - Few candidates seem to know what the term ‘perimeter’ means.



41.

[6 marks]
Markscheme

(a) area

(M1)
:;XBCXABXsinB
(10 =1 x 5 x 6 x sin B)

sinBz%

(b)

Aan .
cos B =+ (= £0.7453...) or B=41.8... and 138.1. ..

(M1)
AC?2 =B(C? + AB?> —2 x BC x AB x cos B

AC =1/52 462 —2x5x6x0.7453... or /52 +62 +2 x5 x 6 x 0.7453. ..

AIAl
AC =4.030r 10.28

[6 marks]

Examiners report

Most candidates attempted this question and part (a) was answered correctly by most candidates but in (b), despite the wording of the
question, the obtuse angle was often omitted leading to only one solution.

In many cases early rounding led to inaccuracy in the final answers and many candidates failed to round their answers to two decimal

places as required.



42a [1 mark]

" Markscheme

Al

[1 mark]

Examiners report

Parts (a) and (b) were almost invariably correctly answered by candidates. In (c), most errors involved the integration of

and the insertion of the limits.
cos(2z)

42b. [1 mark]

Markscheme

(1+sinz)? =14 2sinz + sin’z

Al

=1+2sinz+ %(1 — cos2z)
AG

= % +2sinz — fcos2z

[1 mark]

Examiners report

Parts (a) and (b) were almost invariably correctly answered by candidates. In (c), most errors involved the integration of

and the insertion of the limits.
cos(2z)



a2c. [4 marks]

Markscheme

(MI) 5«
V=n/* (1+sinz)’dz

= 7["]6% (g +2sinx — %coszm) dx
Al

_ 3. _
—w[gx 2cosx

AJAI
= 9% + 27

[4 marks]

sin 2z ]
4 0

Examiners report

Parts (a) and (b) were almost invariably correctly answered by candidates. In (c), most errors involved the integration of

and the insertion of the limits.
cos(2z)

43a. [3 marks]

Markscheme

angle APB is a right angle

1
= cosf = % = AP = 4cosf
Note: Allow correct use of cosine rule.

Al
arc PB =2 x 20 = 40

t=AP | PB
3 6
Note: Allow use of their AP and their PB for the M1.

AG 4cos 0 40 4cos 0 20 2
[:3>t :k ]3 L=t 2 :5(2c059+6)
marks

Examiners report

The fairly easy trigonometry challenged a large number of candidates.

43b. [2 marks]

Markscheme

a 4%, :
% = 3(—2sinf +1)

(or 30 degrees) Al
%(—2sin +1 :0:>sin9:%:>0:%
[2 marks]

Examiners report

Part (b) was very well done.



43c. [3 marks]

Markscheme
dzt]‘zl 4 0 0 th=2=C
E = —gcos < (a. = E)
1s maximized at
=t
RI
0=1%
time needed to walk along arc AB is
2T (~ 1 hour)
6
time needed to row from A to B is
% (=~ 1.33 hour)
hence, time is minimized in walking from Ato BRI
[3 marks]
Examiners report
Satisfactory answers were very rarely seen for (c). Very few candidates realised that a minimum can occur at the beginning or end of
an interval.
44a. [3 marks]
Markscheme
(M1)
tan (arctan% — arctan %) = tan(arctana)
(ADA1
a=0.14285... = 1
[3 marks]
Examiners report
Many candidates failed to give the answer for (a) in rational form. The GDC can render the answer in this form as well as the decimal
approximation, but this was obviously missed by many candidates.
44D. [2 marks]

Markscheme

(M1)A1
arctan(1) = arcsin(z) = 2 = sin (arctan ) ~ 0.141

Note: Accept exact value of

()

[2 marks]

Examiners report

(b) was generally answered successfully.



45a.

45b.

46a.

[2 marks]
Markscheme

sir{‘gel _ 2sinf cos
NG6te’A ward#17 Tor use of double angle formulae.

__ 2sinfcos 0
2cos26

— sind
K

= tanf

[2 marks]

Examiners report

The performance in this question was generally good with most candidates answering (a) well; (b) caused more difficulties, in
particular the rationalization of the denominator. A number of misconceptions were identified, for example

cotZ =tan2
8 m

[3 marks]
Markscheme
MD) g2
M Nes

8 inZ
JZoosing

=1++2
[3 marks]

Examiners report
The performance in this question was generally good with most candidates answering (a) well; (b) caused more difficulties, in

particular the rationalization of the denominator. A number of misconceptions were identified, for example

cotZ =tan2
8 m

[2 marks]
Markscheme

(M1)

(cosf +isinf) * = cos?d + 3cos?d (isin @) + 3cosf(isinh)? + (isin9)*
Al

= cos30 — 3cosfsin®6 +i (300520 sin @ — sin® 0)

[2 marks]

Examiners report

This question proved to be very difficult for most candidates. Many had difficulties in following the instructions and attempted to use
addition formulae rather than binomial expansions. A small number of candidates used the results given and made a good attempt to
part (d) but very few answered part (e).



46b.

46cC.

[3 marks]
Markscheme

from De Moivre’s theorem

(M1)
(cos@ +isin@) ® = cos36 +isin 30

cos30 +isin 30 = (00530 — 3cosfsin® 0) +i (3c0526’sin0 — sin® 0)
equating real parts M1
cos 30 = cos36 — 3 cosfsin’f
Al
= cos’0 — 3cosf (1 - 00520)
= c0s30 — 3cosf + 3cos>0
AG

= 4cos’0 — 3cosf
Note: Do not award marks if part (a) is not used.

[3 marks]

Examiners report

This question proved to be very difficult for most candidates. Many had difficulties in following the instructions and attempted to use
addition formulae rather than binomial expansions. A small number of candidates used the results given and made a good attempt to
part (d) but very few answered part (e).

[3 marks]
Markscheme

(cos@ +isinf) ® =

Al)
cos’6 + 5cos' (isin6) + 10cos®6(isin 0)? + 10cos?0(isin #)* + 5cosf(isinh)* + (isin)®
from De Moivre’s theorem

M1
cos50 = cos’6 — 10cos3Osin?6 + 5 cosfsin’ @
Al
= cos’f — 10cos?6 (1 — cosza) + 5cos€(1 — cosza) ?

= c0s”0 — 10cos?6 + 10cos°d 4 5 cosf — 10cos*f + 5cos®H
AG

.. coshf = 16cos°d — 20cos®d + 5 cos b
Note: If compound angles used in (b) and (c), then marks can be allocated in (c) only.

[3 marks]

Examiners report

This question proved to be very difficult for most candidates. Many had difficulties in following the instructions and attempted to use
addition formulae rather than binomial expansions. A small number of candidates used the results given and made a good attempt to
part (d) but very few answered part (e).



46d.

46e.

Markscheme

cos50 + cos 36 + cosf
M1

= (16cos59 — 20cos30 + 5cos0) + (400539 = 3cos0) +cosf =0
Al

16cos®0 — 16cos®d + 3cosf = 0

cosf (16cos46 — 16cos?6 + 3) =0

Al
cosf (4c0529 — 3) (4c0529 — 1) =0

i (&gsﬁ =0

)

J.0=25
A2

[6 marks]

Examiners report

[6 marks]

This question proved to be very difficult for most candidates. Many had difficulties in following the instructions and attempted to use
addition formulae rather than binomial expansions. A small number of candidates used the results given and made a good attempt to

part (d) but very few answered part (e).

Markscheme

cosb0 =0
50 =...%
Ve
25
2 (M1)
9=..=
,31_5130
310710
10 (M1)

Note: These marks can be awarded for verifications later in the question.

now consider

Ml
16c0s®0 — 20cos®d + 5cosf =0

cosf (1600549 — 20cos?6 + 5) =0
; 20i\/400—4(16)(5)

,cosfﬁ = =
cosf =0

20+, /400—4(16)(5)
cosf =+ \/—

sinc;: max lugm COBENG)
Ci¥isle clofestio zesa  RI

Aﬂl 4.5+4\/2574(5) W
cos—% =\—F— = \/ .
Ala1

cos T — _\/ﬁ
[8 midrks] 8

Examiners report

[8 marks]

This question proved to be very difficult for most candidates. Many had difficulties in following the instructions and attempted to use
addition formulae rather than binomial expansions. A small number of candidates used the results given and made a good attempt to

part (d) but very few answered part (e).



47.

Markscheme
METHOD 1

sin 1(121910
A1 P
BCD =64.14...°
Ml
CD =2 x 5cos64.14...

Note: Also allow use of sine or cosine rule.

Al
CD =4.36
[5 marks]

METHOD 2

let

AC==z

cosine rule

MIAI
52 =72 422 — 2 x 7 x zcos40

22 —-10.7..2+24=0
(Mi.i\/(lom..)tzxx 24
z= -

a3 :(1154

3.18

CD is the difference in these two values
Al

=4.36

Note: Other methods may be seen.

[5 marks]

Examiners report

[5 marks]

This was an accessible question to most candidates although care was required when calculating the angles. Candidates who did not
annotate the diagram or did not take care with the notation for the angles and sides often had difficulty recognizing when an angle
was acute or obtuse. This prevented the candidate from obtaining a correct solution. There were many examples of candidates

rounding answers prematurely and thus arriving at a final answer that was to the correct degree of accuracy but incorrect.



48.

Markscheme

( )
¢ =mressp(5)
= a=1.396... = 80.010°...

( . (45

53 :(%qrcsm (?)

= [=2.239... =128.31°...
Note: Allow use of cosine rule.

area

M1(A1)
P= % X 7 x (@ —sina) = 10.08...
area

(Al
Q= % x 5% x (8 —sin B) = 18.18...
Note: The M1 is for an attempt at area of sector minus area of triangle.

Note: The use of degrees correctly converted is acceptable.

area =28.3 (cm?) Al
[7 marks]

Examiners report

[7 marks]

Whilst most candidates were able to make the correct construction to solve the problem some candidates seemed unable to find the

area of a segment. In a number of cases candidates used degrees in a formula that required radians. There were a number of

candidates who followed a completely correct method but due to premature approximation were unable to obtain a correct solution.



49.

Markscheme

(a) shaded area area of triangle area of sector, i.e.

AIAG
(5 X 4 smaf:) — (52 m) =8sinz — 2z

(b) EITHER

any method from GDC gaining

(MI1)(AI)

x~1.32

maximum value for given domain is
A2

5.11

OR

cosz=1=2~1.32
hence

Al
A =5.11

[7 marks]

Examiners report

Generally a well answered question.

(M1)

[7 marks]



[18 marks]

Markscheme
(@ PQ

and non-intersecting  RI
=50

[1 mark]

(b) aconstruction QT (where T is on the radius MP), parallel to MN, so that
(angle between tangent and radius

(;Tl\ﬂlf 90°

=90°

lengths

ofha angle
iarkld on a diagram, or equivalent RI
0

Note: Other construction lines are possible.

[2 marks]

© @ MN

A
=,/50% — (z —10)*
(i)

maximum for MN occurs when
Al
z =10
[2 marks]

@ ©
M1
a=2m—20
Al

@) = 21 — 2arccos ( w;é(])
(

f=21—«

=20

e O
AIAIAI S
b(z) =z + 108 +24//50° — (z — 10)
MIAT
(ii) = lRnmA ot (mmede)) +20 ((cost (522)) ) + 24/50° — (z ~ 10)°
_#
(iii)  perimeter of

cm
20077

b(x) =200
when

Al
a3 = 24117
[9 marks]

Total [18 marks]

Examiners report

This is not an inherently difficult question, but candidates either made heavy weather of it or avoided it almost entirely. The key to
answering the question is in obtaining the displayed answer to part (b), for which a construction line parallel to MN through Q is
required. Diagrams seen by examiners on some scripts tend to suggest that the perpendicularity property of a tangent to a circle and
the associated radius is not as firmly known as they had expected. Some candidates mixed radians and degrees in their expressions.
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