‘P Pearson
Edexcel

Topic Test
Summer 2022

Pearson Edexcel GCE Mathematics (9MAO)
Paper 1 and Paper 2

Topic 5: Trigonometry

Contents

General guidance to Topic Tests
Revise Revision Guide content coverage
uestions

Mark Scheme




Pearson: helping people progress, everywhere

Pearson aspires to be the world’s leading learning company. Our aim is to help everyone
progress in their lives through education. We believe in every kind of learning, for all kinds of
people, wherever they are in the world. We've been involved in education for over 150 years,
and by working across 70 countries, in 100 languages, we have built an international reputation
for our commitment to high standards and raising achievement through innovation in
education. Find out more about how we can help you and your students at:
Www.pearson.com/uk

© Pearson Education Ltd 2022



http://www.pearson.com/uk

General guidance to Topic Tests
Context

e Topic Tests have come from past papers both published (those materials available publicly)
and unpublished (those currently under padlock to our centres) presented in a different format
to allow teachers to adapt them for use with candidates.

Purpose

e The purpose of this resource is to provide qualification-specific sets/groups of questions
covering the knowledge, skills and understanding relevant to this Pearson qualification.

e This document should be used in conjunction with the advance information for the subject as
well as general marking guidance for the qualification (available in published mark schemes).



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/mathematics-2017.coursematerials.html#filterQuery=Pearson-UK:Category%2FExam-materials

Revise Revision Guide content coverage

The questions in this topic test have been taken from past papers, and have been selected as they cover the topic(s)
most closely aligned to the A level advance information for summer 2022:

- Topic 5: Trigonometry
o Trigonometric identities and equations
o Trigonometric functions and identities: area under a curve
o Use of a trigonometric function

The focus of content in this topic test can be found in the Revise Pearson Edexcel A level Mathematics Revision
Guide. Free access to this Revise Guide is available for front of class use, to support your students’ revision.

Contents Revise Guide Level
page reference

Pure Mathematics 1-111 A level

Statistics 112-147 A level

Mechanics 148-181 A level

Content on other pages may also be useful, including for synoptic questions which bring together learning from
across the specification.



https://qualifications.pearson.com/content/dam/pdf/A%20Level/Mathematics/2017/Teaching%20and%20learning%20materials/W73066_GCE_A_Mathematics_9MA0_AN_Accessible_version.pdf

Questions
Question T5_Q1

1. Given that # is small and is measured in radians, use the small angle approximations to find an
approximate value of

1 —cos4e
2651n 34

(3)




Question 1 continued




Question T5 Q2

3.

A
rem
O ‘
rem
B
Figure 1

Figure 1 shows a sector AOB of a circle with centre () and radius rcm.

The angle AOB is 4 radians.
The area of the sector A08B is 11 cm?

Given that the perimeter of the sector is 4 times the length of the arc 4B, find the exact
value of r.

4)
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Question T5 Q3
8. 'The depth of water, 1D metres, in a harbour on a particular day is modelled by the formula
D=54+2sm@B0nH" 0<Lt<24
where £ is the number of hours after midnight.

A boat enters the harbour at 6:30am and it takes 2 hours to load its cargo.
The boat requires the depth of water to be at least 3.8 metres before it can leave the harbour.

(a) Find the depth of the water in the harbour when the boat enters the harbour.
1)

(b) Find, to the nearest minute, the earliest time the boat can leave the harbour.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

4)




Question 8 continued




Question T5_ Q4

7. (1) Solve, for 0 < x < %, the equation
4ginx = secx
)
(i1) Solve, for 0 < 8 < 360°, the equation
5sind — Scosf =2

giving your answers to one decimal place.

(Solutions based entirvely on graphical or numerical methods are not acceptable.)
©))
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Question 7 continued




Question T5_ Q5

12. (a) Prove that

: 2n+1
1—cos28=tanésin2b, & # u, e
(3)
(b) Hence solve, for —% <X < g, the equation
(sec?x — 5)1 — cos2x) = 3tan*xsin2x
Give any non-exact answer to 3 decimal places where appropriate.
(6)
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Question T5 Q6

2.

™ AN jdi
N NS
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Figure 1

Figure 1 shows a plot of part of the curve with equation y = cosx where x is measured in radians.

Diagram 1, on the opposite page, is a copy of Figure 1.
(a) Use Diagram 1 to show why the equation

1
cosx —2x——=20
2

has only one real root, giving a reason for your answer.

(2)
Given that the root of the equation is «, and that o is small,

(b) use the small angle approximation for cosx to estimate the value of & to 3 decimal places.

(K))




Question 2 continued

Diagram 1
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Question T5_Q7
6. (a) Solve, for —180° < 8 < 180°, the equation
Ssin26 = 9tan@
giving your answers, where necessary, to one decimal place.

[Solutions based entirely on graphical or numerical methods are not acceptable.]

(6)
(b) Deduce the smallest positive solution to the equation

5sin(2x — 50°) = 9tan(x — 25°)
(2)
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Question T5 Q8
3.

S5c¢m

0]

Figure 1

Figure 1 shows a sector AOB of a circle with centre O, radius 5 cm and angle AOB = 40°

The attempt of a student to find the area of the sector is shown below.

Il
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Area of sector

Il
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wh

2

X
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(]

(a) Explain the error made by this student.
(1)

(b) Write out a correct solution.

(2)




Question 3 continued




Question T5_ Q9

4.

N
CZ
Cl
0 *
S
Figure 2

The curve C| with parametric equations
x = 10cost, y= 42sint, 0<t<2x
meets the circle C, with equation
X'+ =66
at four distinct points as shown in Figure 2.

Given that one of these points, S, lies in the 4th quadrant, find the Cartesian coordinates of S.

(6)
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Question T5 Q10
12. (a) Prove

cos36 sin 34
+

i o 2cot20 0=090m°, ne
4)
(b) Hence solve, for 90° < @ < 180°, the equation
cos3d  sin3f
_ + =4
sinf cosf
giving any solutions to one decimal place.

(3)
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Question T5 Q11
6. (a) Express sinx + 2cosx inthe form Rsin(x + a) where R and ¢ are constants, R > 0
T
and 0 < a < %

2
Give the exact value of R and give the value of @ in radians to 3 decimal places.

(3
The temperature, #°C, inside a room on a given day is modelled by the equation
f@=35+si (E—t—3)+2 (I—'t—?s] 0<r<24
=5+sin| 5 cos| 5 <1<
where ¢ is the number of hours after midnight.
Using the equation of the model and your answer to part (a),
(b) deduce the maximum temperature of the room during this day,
(1)
(c) find the time of day when the maximum temperature occurs, giving your answer to
the nearest minute.
3
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Question T5 Q12
12. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that

cosecf —sinf = cosfcotl 0#(180nm)° nelZ
3
(b) Hence, or otherwise, solve for 0 < x < 180°
cosecx — sinx = cosxcot(3x — 50°)
(3)




Question 12 continued
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Question T5 Q13

10. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that
cos3A4=4cos’ A —3cosAd
4
(b) Hence solve, for —90° < x < 180°, the equation

1 — cos3x = sin’x

4
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Question T5 Q14
10. In this question you should show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Given that 1+ cos28 +sin28+# 0 prove that

1 —cos20 + sin20

- = tan
I+ cos26 + sin 20
(C))
(b) Hence solve, for 0 < x < 180°
1 —cosdx + s?n 4x — 3sin2x
1+ cosdx + sindx
giving your answers to one decimal place where appropriate.

C))
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Question T5 Q15

4. Given that @ is small and measured in radians, use the small angle approximations to show that

4 sin g +3cos’@~a+bl+ch*

where a, b and ¢ are integers to be found.

&)




Question 4 continued




Question T5 Q16

6.

Figure 1

The shape OABCDEFO shown in Figure 1 is a design for a logo.

In the design

«  (0AB is a sector of a circle centre O and radius »

» sector OFF is congruent to sector OAB

«  0ODC is a sector of a circle centre O and radius 2¢
*  AOF is a straight line

Given that the size of angle COD is @ radians,

(a) write down, in terms of @, the size of angle AOB

(1)
(b) Show that the area of the logo is
1 ¥ (30 + 7)
2
()
(c¢) Find the perimeter of the logo, giving your answer in simplest form in terms of
r, & and 7.
(2)
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Question T5 Q17

15. (a) Express 2cosf —sin®@ in the form Rcos(f + a), where R>0and 0 < a < z

Give the exact value of R and the value of & in radians to 3 decimal places.

(3)
H metres
<O U S — Water level
Figure 6
Figure 6 shows the cross-section of a water wheel.
The wheel is free to rotate about a fixed axis through the point C.
The point P is at the end of one of the paddles of the wheel, as shown in Figure 6.
The water level is assumed to be horizontal and of constant height.
The vertical height, A metres, of P above the water level is modelled by the equation
=3+ 4co0s(0.5f) — 25in(0.57)
where 7 is the time in seconds after the wheel starts rotating.
Using the model, find
(b) (1) the maximum height of P above the water level,
(i1) the value of # when this maximum height first occurs, giving your answer to one
decimal place.

3
In a single revolution of the wheel, P is below the water level for a total of T seconds.
According to the model,
(c) find the value of T giving your answer to 3 significant figures.

(Solutions based entirely on calculator technology are not acceptable.)
4

In reality, the water level may not be of constant height.

(d) Explain how the equation of the model should be refined to take this into account.

(1)
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Mark Scheme
Question T5_Q1

Question Scheme Marks AOs
! (40 )2 1-cos4¢
i i v ~]— i Ml 1.1b
Attempts either sin3@ ~ 36 or cosdd ~1 T TR
46Y
1|48
Attempts both sin36 ~ 3¢ and cos46 ~1 (49)2 : M1 2.1
empts both sin30 ~ 30 and cos4d = >~ 5530 :

and attempts to simplify

4
=§ oe Al 1.1b

&)

(3 marks)

2
M1: Attempts cither sin 36 ~30 or cos4f ~ 1—% in the given expression.

See below for description of marking of cos46

2
. 44
M1: Attempts to substitute both sin3& ~ 36 and cos46~1— %

{14]

T 20x30

and attempts to simplify.

2
Condone missing bracket on the 46 so cos46 ~1——— would score the method

Expect to see it simplified to a single term which could be in terms of &
Look for an answer of & but condone k8 following a slip

Al: Uses both identities and simplifies to = or exact equivalent with no incorrect lines BUT allow

3
40*

recovery on missing bracket forcos 480 ~1———.

Eg W—w—g 1s M1 M1 AO

Condone awrt 1.33.
N 1—cos46 1—(1—25iﬂ2 29) _ 2sin®20 2><(249)2 _4
C20sin36 0 20sin38  26sin38 260x30 3

M1 For an attempt at sin36 ~ 38 or the identity cos48 =1-2sin” 28 with sin28 ~ 28
M1 For both of the above and attempts to simplify to a single term.

Al ioe
3




Question T5 Q2

Question Scheme Marks AOs
> States or uses %r29= 11 B1 1.1b
States or uses 2r+rf =4rf B1 L.1b
Attempts to solve, full method 7 =... M1 3.1a
r=+33 Al 1.1b
[4]
(4 marks)
Notes:

1
B1: States or uses 3 #*0=11  This may be implied with an embedded found value for @

B1: States oruses 2r+rf =4rf or equivalent

M1: Full method to find # =... This involves combining the equations to ¢liminate & or find &
The initial equations must be of the same "form" (see **) but condone slips when attempting to solve.

2
It cannot be scored from impossible values for @ Hence only score if 0 <& <271 FYI # = 3 radians

Allow this to be scored from equations such as ...#*0 =11 and ones that simplify to ...r =...r@ **

1
Allow their 27 +78 = 4r6 = & = .. then substitute this into their 3 =11

1
Allow their 27+ 7@ = 4780 = rf = .. then substitute this into their 5 =11

Allow their %rzﬁ =ll=6= —2 then substitute into their 27+ @ =4rf = r=..
r

Al: #=4+/33 only but isw after a correct answer.

The whole question can be attempted using & in degrees.
B1: States oruses ——=x7r° =11

360

& &
B1: States or uses 2r+%x2m’ —4x%x2mﬂ




Question T5 Q3

Question Scheme Marks AOs
8 (a) D =5+25in(30x6.5)° =awrt 448m with units Bl 34
1)
(h) . . Ml 1.1b
3.8=5+25in(307)° =>sin(30¢)° = 0.6
Al 1.1b
1=10.77 dM1 3.1a
10:46 a.m. or 10:47 a.m. Al 3.2a
C)]
(5 marks)
Notes:
()

B1: Scored for using the model ie. substituting £ =6.5into D =542 Sin(301‘) © and stating

D =awrt 4.48m . The units must be seen somewhere in (a) . So allow when D =4482..=4.5m
Allow the mark for a correct answer without any working.

(b)

M1: For using D) =3.8 and proceeding to Sin(30t)° =k, |k| <1

Al: sin (301‘ )° =—0.6 This may be implied by any correct answer for fsuch as 1 =7.2

If the Al implied, the calculation must be performed in degrees.
dM1: For finding the first value of ¢ for their Sin(301‘)° =k after r=8.5.

You may well see other values as well which is not an issue for this dM mark
(Note that sin (301) °=-0.6=30r =216.9° as well but this gives =7.2)

For the correct sin(307)° =-0.6 =30r =323.1=r=awrt10.8

For the incorrect sin{307)° = +0.6 =30r =396.9 =7 =awrt 13.2
So award this mark if you see 307 = inv sin their —0.6 to give the first value of f where 30 ¢ > 255

Al: Allow 10:46 a.m. (12 hour clock notation) or 10:46 (24 hour clock notation ) oe
Allow 10:47 a.m. (12 hour clock notation) or 10:47 (24 hour clock notation ) oe
DO NOT allow 646 minutes or 10 hours 46 minutes.




Question T5_ Q4

Question Scheme Marks | AOs
7 (i) 4sinx=secx, 0<x< %; (i) Ssmnf—>Scosf=2, 06 <360°
(i) _
Way 1 For secx — Bl 1.2
{4sinx=seox:>} dsinxcosx=1= 25in2x=135in2x=1 M1 3.1a
1 (1 1 (1 T 57 dM1 1.1b
x=—arcsin| — | or —| g—arcsin| — || = x=—, —
2 2 2 2 12712 Al 1.1b
O]
(@ _
Way 2 For secx = p— Bl 1.2
{4sin x=secx =} 4sinxcosx =1=16sin’ xcos’ x=1
16sin® x(1—sin® x) =1 16(1—cos” x)cos” x=1
. : M1 3.1
16sin* x—16sin’ x +1=0 16cos” x—16cos’ x+1=0 2
sin® x or cos® x = 16+ v192 {— 2443 or 0.933..., 0.066...}
32 4
[ 2=B ,2¢J§ x 5m dM1 | 1.1b
X = arcsin Or X = arccos =D x=—, —
4 4 12712 Al 1.1b
)]
(ii) Complete strategy, i.e.
o Expresses 5sInf —5c0sf =2 in the form Rsin(f—a)=2,
finds both R and «, and proceeds to sin(d —ex)=k, k| <1, k=0
e Applies (5sinf—5cos)’ =2*, followed by applying both Ml 3.1a
cos” B+ sin’ @=1 and sin26=2sinGcos @ to proceed to
sin26 =k, kl <1, k=0
(5sinf—5c0s8) =2 =
R=+50 L ) .
tang =1 = o =45° 25sin” @+ 25¢co0s” 8- 50sinfcosf =4 M1 1.1b
= 25-25smm20=4
. 2 21
sin(@ —45°%) = —= sin20="" Al 1.1b
V50 25
dependent on the first M mark
. 2
e.g. @ = arcsin| —— |+ 45° e.g 0 =l arcsin 2 dM1 1.1b
J50 2 25
& = awrt 61.4°, awrt 208.6° Al 2.1
Note: Working in radians does not affect any of the first 4 marks
)
(9 marks)




Question Scheme Marks | AOs

7 (i) Ssmnf—-5cosf=2, 00 <360°
(i) Complete strategy, 1.e.
Altl o Attempts to apply (Ssin&) = (2+5cos8) or

(5sin@—2) = (5cos )" followed by applying cos*@+sin* @=1 M1 3 1la
and solving a quadratic equation in either sSin6 or cosé to give

at least one of sin@ =k or cos@ =k, k|<1, k20

e.g. 25sin’ @= 4+20cos & +25c0s° #
= 25(1—cos” @)= 4+ 20cos @+ 25c0s* &

— : . M1 1.1b
ore.g. 25sin” @ —20sin@+4 =25c0s" @
= 25sin’ @ —20sin &+ 4 = 25(1-sin* &)
50cos® 8+ 20c0s#—-21=0 50sin* @ —20sin?—21=0
0059:%, 0.€. sin@:%, N Al 1.1b

dependent on the first M mark

eg &= arccos[ﬂ} e.g &= arcsin[zJr JEJ dM1 1.1b
10 10
8 =awrt 61.4°, awrt 208.6° Al 2.1
)
Notes for Question 7
()
B1: For recalling that secx =

COS X

Mi: Correct strategy of
e Way 1: applying sin2x=2sinxcosx and proceeding to sin2x=Fk, [k] <1, k=0

e  Way 2: squaring both sides, applying cos” x+sin” x=1 and solving a quadratic equation

in either sin® x or cos® x to give sin’ x=/k or cos’ x =k, k| =1, k=0
dM1: | Uses the correct order of operations to find at least one value for x in either radians or degrees
Al: Clear reasoning to achieve both x= %, % and no other values in the range 0 £ x < %
. . 1 7 5w
Note: | Give dM1 for sin2x = 3 = any of 12° 12 15°, 75°, awrt 0.26 or awrt 1.3

5
Note: | Give special case, SC BIMOMOAO for writing down any of %, %, 15° or 75° with no working




Notes for Question 7 Continued

(ii)
MI1: See scheme
Note: | Alternative strategy: Expresses 3816 —5¢0s6 =2 in the form Reos(f+a)=-2,
finds both R and «, and proceeds to cos(@+ a)=k, |k| <1, k=0
Mi: Either
* uses RSill(ig — ) to find the values of both R and &
e attempts to apply (Ssinf—5cos @)’ =2*, uses cos” O+sin’ @=1 and proceeds to find an
equation of the form TAt usin20 =+ fF or + usn20==1fF, u+0
e attempts to apply (Ssin&)’ =(2+5c0s8Y or (5sinf—2)" = (5cos B and
uses €08 O+sin’ =1 to form an equation in cosd only or sin@ only
. 2 2 . 21
Al: For sin(@ —45%)=—=—, o.c., cos(@+ 45°)=——=—, o.c. or sin28=—, o.
( ) N ( ) 7% 5
or cosd = —ﬂ)i{T '4600, o.e. or cos@— awrt 0.48, awrt —0.88
or sin 0= 220 *0’;‘600 . o.c., or SN0 = awt 0.88, awrt —0.48
Note: sin(# — 45°), cos(#+45°), sin 26 must be made the subject for Al
dM1: | dependent on the first M mark
Uses the correct order of operations to find at least one value for x in either degrees or radians
Note: | dM1 can also be given for & =180°— arcsin 2 +45° or 6= 1 180° —arcsin 21
V50 2 25
Al: Clear reasoning to achieve both f = awrt 01.4°, awrt 208.6° and no other values in
the range 0 <& < 360°
Note: | Give MOMOAOMOADO for writing down any of & = awrt 61.4°, awrt 208.6° with no working
Note: Alternative solutions: (to be marked in the same way as Alt 1):

o 35sin@—5cos@=2 = Stan@—5 = 2secf = (Stan #—35)* = (2sec )
= 25tan® @ —50tan O+ 25 = 4sec’ @ = 25tan® @ —50tan @+ 25 = 4(1+ tan” @)

5044736 25+246
2 2

= 21tan” # —50tan &+ 21 =0 = tan@ —

= @ = awrt 61.4°, awrt 208.6° only
o Sginf—5c0s0=2 = 5—5cotd = 2cosecd = (5—5cotB) = (2cosect)
= 25—-50cot @+ 25¢cot” @ = dcosec’@ = 25— 50cot @+ 25¢cot” € = 4(1 + cot* )

5044736 25+246
2 2

=1.8304.... 0.5445_..

= 2lcot’ 9—50cot@+21=0 = cot&=

= @ =awrt 61.4°, awrt 208.6° only

=1.8364..., 0.5445...




Question T5_ Q5

Question Scheme Marks | AOs
12 1-cos28 = tan &sin 26, 3#@, nez
(@) tan &sin 20 (Singj(Zsianosé’) M1 1.1b
Way 1 cos
sin & M1 1.1b
= - | (2sin & = 2sin’ @=1-cos26 *
[ }( sin pas’g) sin cos AL 71
3
@ _ 1T et N — A aial
Way 2 1—cos26 =1—-(1—-2sin” #)=2sin" O M1 1.1b
{Smg}(ZsianosH)tanﬁsinZG * M1 L1b
cos Al* 2.1
3)
2 2 . w T
(sec” x—35)1—cos2x)=3tan" xsin2x, Y <x<—
(b) (sec’ x —5)tan xsin 2x = 3tan’ xsin 2x
Way 1 or (sec’ x—35)1 —cos 2x) =3tan x(1 —cos 2x)
Deduces x=0 Bl 2.2a
Uses sec” x=1+tan’ x and cancels/factorises out tanx or (I1-cos2x)
2. (I+tan’ x—3tanx—S)tanx=0
e.g (+2 x anx— 5)tan x M1 21
or (1+tan” x—3tanx—5)(1—cos2x)=0
or l+tan® x—5=3tanx
tan” x —3tanx—4=0 Al 1.1b
(tanx—4)tanx+1)=0= tanx=... M1 1.1b
T 1306 Al 1.1b
Ty Al 1.1b
(©)
(9 marks)
Notes for Question 12
(a) Way 1
. siné@ ) . .
M1: Applies tané = and sin 28 = 2sin @cos @ to tandsin2d
cos
M1: Cancels as scheme (may be implied) and attempts to use cos 20 =1—2sin’ §
Al*: For a correct proof showing all steps of the argument
()
Way 2
M1: For using cos 20 =1-2sin’ f
Note: | If the form c0s28=cos’@—sin* @ or cos26 =2cos” @—1 is used, the mark cannot be awarded
until os” 0 has been replaced by 1- sin” 0
. iné
M1: Attempts to write their 2sin* @'in terms of tané and sin 26 using tan @ = MY and
cos
sin 28 = 2sin #cos & within the given expression
Al*: For a correct proof showing all steps of the argument
Note: | If a proof meets in the middle; ¢.g. they show LHS = 2sin’ @ and RHS = 2sin’ & then some
indication must be given that the proof is complete. E.g. 1 —cos20=tansm 20, QED, box




Notes for Question 12 Continued

(b)

B1: Deduces that the given equation yields a solution x=0

M1: For using the key step of sec” x=1+ tan® xand cancels/factorises out tanx or (1—cos2x)
or sin2x to produce a quadratic factor or quadratic equation in just tanx

Note: Allow the use of *sec’ x =+ 1+ tan” x for M1

Al: Correct 3TQin tanx. E.g. tan’ x—3tanx—4=0

Note: E.g. tan® x—4=3tanx or tan®x—3tanx=4arc acceptable for Al

M1: For a correct method of solving their 3TQ in tan x

Al: Any one of —%, awrt —0.785, awrt 1.326, —45°, awrt 75.964°

Al: Only x= —%,1.326 cao stated in the range —%<x<%

Note: Alternative Method (Alt 1)

(sec” x —5)tan xsin 2x = 3tan” xsin2x
or (sec” x —5K1—cos2x)=3tan x(1—cos 2x)
Deduces x=0 B1 2.2a
i Complete process
3 _ _ sim.x P P
sec’ x—5=3tanx = cos? x )= 3{COSJJ (as shown) of using the
s . identities for sin 2x and
1-5cos™ x=3smxcos x cos2x to proceed as far as M1 2.1
1—5(1+0052xJ3sin2x +A4+ Beos2x =+Csin2x
2 2
35 3. 35 3
————cos2x = —smn2x _z_= = gi
2 2 2 cosZe=zsm2e | A1 | Lib
{3sm2x+5cos2x=-3} 0.e.
Expresses their answer in the
JRasin(2x+1.03) = -3 form Rsin(2x+a)=k; k=0 M1 1.1b
with values for R and «
. 3
sin(2x+1.03) = ——
( ) N
T Al 1.1b
=—-—,1.326
T Al 1.1b




Question T5 Q6

Question Scheme Marks ADsg
Ha)
I conelmued .
X =2x+1§
- - . — El
™. i AN yd ila
g oman 1
For at allowable linear graph and ex plaining that thete 15 only one B 74
itttersection ’
(2)
) t
cosx-2r-s=0=p1-1 —2x-L1op M1 11t
2 2 2
Solves their x° +4x—1=10 vl 11h
Allow awrt ) 236 but accept —2 + 45 Al 1.1b
(3)
(5 marks)

(a)
Bl:Dtaws y=2x+ % onFigore | of Diagram | with an attempt at the cotrect gradient and the correct

irtercept. Look for a stradght line with an ittercept at = % and a further point at [l 1'_] Allow a tolerance of
277

025 of a sguare in either direction on these two peints. [t must appear in quadrarts1, 2 and 3.
Bl: Theremust be an allowable lineat graph onFigiwe | or Diagraml for thiste be awarded
Explains that as there 15 only one intersection sothere is just one root.
This requires areason and a minimal conclusion
The guestion asks candidates to explain but asa bare minimum allow one "intersect o

1
Wote: Anallowable inear graphis one withintercept of + 7 with one irtersection with cosx OR gradient of

12 with one intersection with cosx
)
1

M1: Attempts to use the small angle approximation cosx =1 —%in the given equation.

The eeuation must be in a single variable but may be recovered later in the question.
dM1: Proceeds to a 3T0) in & single variable and attempts to solve. 5 ee General Principles

The previous I must have been scored. Allow completion of seuate or fortmula of caleulator. Do not

allow attempts via factorisation nless thewr equation does factorise. Voo may have to use your calolator

to check if a calculator is used.

Al Allow —2++f5 orawnt 0236,

Do not allow this where there i5 another root gven and it is not obwous that 0 256 has been chosen.




Question T5_Q7

Question Scheme Marks AOs
6(a ) . in ¢
@ 5s1n2t9=9tant9:>10s1n6’cos6=9xsm—9
cos M1 3.1a
Acos’@=B or Csin*@=D or Pcos’ @sin@ =Qsind
For a correct simplified equation in one trigonometric function
Al 1.1b
Eg 10cos'#=9 10sin’ =1 oe
Correct order of operations For example
. 9 dM1 2.1
= = + —
10cos™ 8 =9= @ = arcos (_) 0
Any one of the four values awrt 6 =+18.4° ,£161.6° Al 1.1b
All four values & =awrt £18.4°,+161.6° Al 1.1b
& =0°+180° Bl 1.1b
©
(b Attempts to solve x—25°=—-184° M1 1.1b
x=06.6° Alft 22a
@
(8 marks)
(a)
M1: Scored for the whole strategy of attempting to form an equation in one function of the form given in the
. . siné
scheme. For this to be awarded there must be an attempt at using sin 26 =...sin Ocos &, tanf = 050 and

possibly *1+sin” & ==+cos® @ to form an equation in one "function” usually sin® @ or cos® @
Allow for this mark equations of the form P cos’ @sin€ =Qsiné oc

) e ) sin @
Al: Uses the correct identities sin2€ = 2sin&cos@ and tand = Py

in one trigonometric function. It is usually one of the equations given in the scheme, but you may see

to form a correct simplified equation

equivalent correct equations such as 10 =9sec” & which is acceptable, but in almost all cases it is for a
correct equation in sin @ or cos &
dM1: Uses the correct order of operations for their equation, usually in terms of just sin @ or cos(, to find at
least one value for @ (Eg. square root before invcos). It is dependent upon the previous M.

tcos20*1
Note that some candidates will use cos® 8 = % and the same rules apply.

Look for correct arder of operations.
Al: Any one of the four values awrt £18.4°,+£161.6°. Allow awrt 0.32 (rad) or 2.82 (rad)

Al:  All four values awrt £18.4°,£161.6° and no other values apart from 0°,+180°
B1: £ =0°%180° This can be scored independent of method.

(b)

M1: Attempts to solve x—25° ="0" where # is a solution of their part (a)

Alft: For awrt x = 6.6°but you may ft on their & +25°where 25 <& <0
If multiple answers are given, the correct value for their & must be chosen




Question T5 Q8

Question Scheme Marks | AOs
3 () Allow explanations such as
e student should have worked in radians
e they did not convert degrees to radians
¢ 40 should be in radians
¢ O should be in radians
e angle (or &) should be 407 or 2z Bl 23
180 9
e correct formula is 7 7* (%J {where € is in degrees}
e correct formula is 77° 40
360
)
(b) Ly L2
Way 1 {Area of sector = } > 3 5 M1 1.1b
25 2 2
= ;7{ {em*}  or awrt 8.73{cm"} Al 1.1b
2)
(b) Area of sector = 75 40 M1 L.1b
25 2 2
= ?ﬂ' {em”} or awrt8.73{cm"} Al 1.1b
@)
(3 marks)
Notes for Question 3
(@)
B1: Explains that the formula use 1s only valid when angle AOB is applied in radians.
See scheme for examples of suitable explanations.
(b) Way 1
MI1: Correct application of the sector formula using a correct value for & in radians
Note: Allow exact equivalents for & e.g. 8= % or O in the range [0.68, 0.71]
25 .
Al*: Accept ?ﬂ' or awrt 8.73 Note: Ignore the units
(b) Way 2
MI1: Correct application of the sector formula in degrees
Al: Accept %ﬂ' or awrt 8.73 Note: Ignore the units.
. 50
Note: Allow exact equivalents such as —
18
Note: Allow M1 Al for 500(%} = %5 7 {em’? or awrt 8.73 {cm”}




Question T5_ Q9

Question Scheme Marks | AOs
4 Cl:x=1000st,y=4\5sint, 0<t<2m;, C,:x*+3y" =66
Way 1 (10cos #Y +(44/2sin 1) =66 Ml 3.1a
-2 -2 2 2 M1 2.1
100(1 —sin” 1) +32sin” £ =66 100cos” t+32(1 —cos” 1) =66
Al 1.1b
. . 1 1
100 — 68sin” # =66 r== 2 = P
sin =>sin > 68cos” ¢t +32=66 = cos ¢ 5 IM1 1L1b
= sinf=... = cost=...
Substitutes their solution back into the relevant original equation(s)
to get the value of the x~coordinate and value of the
. . M1 1.1b
corresponding v-coordinate.
Note: These may not be in the correct quadrant
S=(542, -4 or x=52, y=—4 or S=(awrt 7.07, - 4) Al 3.2a
©
2 2
2 -2, e Y _ 2 2
Way 2 {cos“t+sin" =1} (10] +(—4J§J =1 {= 32x"+100y" =3200} M1 3 1a
P 66—t 66—y 3 M1 2.1
— + — + — =
100 32 100 32 Al 1.1b
: ~100x* = 2112 323" +1003° =3200
32x" + 6600 —100x* = 3200 ; 5% ¥ M1 L 1b
¥ =50 = x=.. y =16 = y=..
Substitutes their solution back into the relevant original equation(s) to
get the value of the corresponding x-coordinate or y-coordinate. M1 1.1b
Note: These may not be in the correct quadrant
S=(5v2, - or x=5J2, y=—4 or S =(awrt 7.07, —4) Al 3.2a
(6
Way 3 {C, X"+ =66 =} x=+f66cosa, y=\/%sin05
{C,=C, =} 10cost =+/66 cosz, 4+/2sins =/66sin M1 21
Jda
2 . 2
. 10cos? 442810t
{cos’ a+sin‘a=1=} haady |2sin =1
\66 J66
then continue with applying the mark scheme for Way 1
Way 4 (10cos 7Y +(44/2sin 1) =66 M1 3.1a
— Ml 2.1
100[1+ cos 2t]+32[1 cos 2IJ 6
2 2 Al 1.1b
50+ 50cos2f+16—16¢cos 2t =66 = 3dcos2f + 66 =66
dMi 1.1b
= cos2t=..
Substitutes their solution back into the original equation(s) to get the
value of the x-coordinate and value of the y-coordinate. M1 1.1b
Note: These may not be in the correct quadrant
S=(542, —dyor x=542, y=—4 or S =(awrt 7.07, —4) Al 3.2a
()
Note: Give final A0 for writing x = 5v2, y=—4
followed by 5 =(—4, 5\/5)
(6 marks)
Notes for Question 4




Way 1

M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 1: A complete process of combining equations for C, and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (i.e. 1) only.
MI1: Uses the identity sin®#+cos”#=1 to achieve an equation in sin’¢ only or cos’t only
Al: A correct equation in sin’ ¢ only or cos®¢ only
dM1: dependent on both the previous M marks
Rearranges to make sinf =... where —1 <sinf <lor cost=... where—1 <cost =1
Note: Condone 3" M1 for sin” ¢ :% =rsint= %
M1: See scheme
Al: Selects the correct coordinates for §
Allow either S =52, —4) or S = (awit 7.07, —4)
Way 2
M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 2: A complete process of using cos® # +sin” 7 =1 to convert the parametric equation
for C, into a Cartesian equation for C,
M1: Complete valid attempt to write an equation in terms of x only or y only not involving
trigonometry
Al: A correct equation in x only or y only not involving trigonometry
dM1: dependent on both the previous M marks
Rearranges to make x=_.. or y=...
Note: their x* or their y* must be >0 for this mark
M1: See scheme
Note: their x* and their y* must be >0 for this mark
Al: Selects the correct coordinates for §
Allow either S=(542, —4) or §=(awrt 7.07, —4) or S=(50, —4) or S:[j/%, 4}
Way 3
M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 3: A complete process of writing C, in parametric form, combining the parametric
equations of C, and C, and applying cos” e +sin® e =1to give an equation in one variable
(i.e. 1) only.
then continue with applying the mark scheme for Way 1
Way 4
M1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 4: A complete process of combining equations for C, and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (i.c. 7) only.
M1: Uses the identitics cos2f=2cos” ¢ 1 and cos2t =1 2sin® ¢ to achieve an equation in cos 2 only
Note: At least one of cos2t =2cos” 1 or cos2t=12sin’ ¢ must be correct for this mark.
Al: A correct equation in cos 2¢ only
dM1: dependent on both the previous M marks
Rearranges to make cos 27 =...where -1 <cos2r <1
M1: See scheme
Al: Selects the correct coordinates for §

Allow either S=(5+2, —4) or §=(awrt 7.07, —4) or S=(50, —4) or S:[IO, 4}

N5




4 C, 1 x=10co0s?, y=4s/§sinr, 0<r<2m, Cz:x2+y2=66
Way 3 (10c0s 1)’ + (4+f2sint)* =66 M1 3.1a
M1 2.1
10cos 7y’ +(4+/2sin?)” =66(sin” 1 + cos” ¢
(10cost)” +( s/_sm ) (sin cos 1) X 116
2 -2, - 2 2 2, - 2
100cos™ # +32sin" F =66sm” £ +66cos™ t = 34cos™ F=34sm” ¢ IM1 L1b
= tanf=...
Substitutes their solution back into the relevant original equation(s)
to get the value of the x-coordinate and value of the
. . M1 1.1b
corresponding y-coordinate.
Note: These may not be in the correct quadrant
S=0G2,—4or x=5v2, y=—4 or §=(awrt 7.07, —4) Al 3.2a
()]
Way 3
Mi: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 5: A complete process of combining equations for €| and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (i.e. {) only.
Mi: Uses the identity sin’ ¢ + cos” t =1 to achieve an equation in sin® ¢ only and cos” ¢ only
with no constant term
Al: A correct equation in sin® f and cos® ¢ containing no constant term
dM1: dependent on both the previous M marks
Rearranges to make tanz=...
MI1: See scheme
Al: Selects the correct coordinates for S
Allow either S=(5+2, —4) or S =(awrt 7.07, —4) or S=(50, —4) or 5= [% —4]
2




Question T5 Q10

uestion cheme drKs S
ti Sch Mark AO
12 cos30  S30 _ 5 cot26
sm & cos &
(a) {LHS =} cos 3800.s¢9+sm34951n9 Ml 312
Way 1 sin &¢cos &
_ 093(39—19) _ .cos 26 Al 21
smnécos@ sin &@cos @
_ ccts 28 900t 20 * dM1 1.1b
15in 26 Al* 2.1
(C)]
Wga) , SLHS =} CO8 290056Tfsm 20sin 0 | sin 28¢cos 0+ cos 20s5in 6
ay sm & cos
cas 20 cos” B —sin 26sin & cos 6 + sin 26¢cos Fsin G+ cos 26sin 0
= . M1 3.1a
sin fcos @
26 1@0+sin* @ 26
_ cos (fzos +gsin” &) _ .cos Al 21
sin@cos & s &cos @
_ cols26’  9cot 20 * dM1 1.1b
Lsin Al* 2.1
@
(a) (RIS } 2c0820  2cos(30—0) 2(cos3@cos +sin30sin @) M1 3.1a
Way 3 sin 26 sin 26 sin 26 Al 2.1
_ 2(003390()-st9+sm36?sm9) IM1 L1b
2sm @cos &
_ co.s319 N sin 36 « Al * 21
sin & cos
(C)]
(b) cosdf 330yl deot2o=4 52 =4 Ml | L1b
Way 1 sin€  cos@ tan 26
Rearranges to give tan260 — k; k 2 0 and applies arctank dM1 1.1b
1
{900 < 8 <180°, tan29:§ :>}
Only one solution of 6=103.3° (1 dp) or awrt 103.3° Al 223
3
(b) c0s30 530 4 ol geot20-4 > —2 4 M1 1.1b
Way 2 siné  cosd tan 26
;: 4 = 2(1—tan® @) = 8tan
[ 2tan & ]
1—tan* &
dM1 1.1b
74i\/ 4y —4()(~1
= tan’ @+ 4tanf@—1=0— tan @ = ) i)
21
{>tand ——2145 y > tanf=k; k=0 — applies arctank
£90° < @ <180°, tan @ =—2—+5 =2
Only one solution of 6=103.3° (1 dp) or awrt 103.3° Al 2.2a
3
(7 marks)




Notes for Question 12

(a) Way 1 and Way 2
M1: Correct valid method forming a common denominator of sin &cos &
1.e. correct process of (.)eosét -(...)sm 4
cossind
Al: Proceeds to show that the numerator of their resulting fraction simplifies to cos(3¢ — @) or cos 20
dM1: dependent on the previous M mark
Applies a correct sin 26 = 2sin &cos @ to the common denominator sin &cos 8
Al* Correct proof
Note: Writing C?S 36 sn36 = C?S 36c0s 6 + 51.113195111 o is considered a correct valid method
sin@@  cos® sincos 0 sinécos @
of forming a common denominator of sin&cos @ for the 1% M1 mark
Note: Give 1% MO c.g. for C(?S 38 N sin 360 _ cos.49+sm 40
sin  cos® sinécos @
but allow 1% M1 for cc.'s 36 | sin 30 _ cos 30 ccrs £+ sin3dsin & _ cos.419 +sin 44
sinf  cos@ sin & cos & sin & cos &
: 30 sin36 30 +sin’ 30
Note: Give 1* MO e.g. for CO_S Loy o8 - sm
sind  cos# sinAcos &
but allow 1% M1 for cc?s 349 N sin 34 _ cos 34 CO.S 6 +sin3fsin & _ cos2.3t9+ sin” 36
sinf  cosd sin Bcos & sin & cos &
Note: Allow 2™ M1 for stating a correct sin 26 = 2sin@cos @ and for attempting to apply it to the
common denominator sin &cos &
(a) Way 3
M1: Starts from RHS and proceeds to expand cos 26 in the form cos3@cos & + sin36sin &
Al: Shows, as part of their proof, that cos 28 =cos38cos & +sin 38sin &
dM1: dependent on the previous M mark
Applies sin26 = 2sin&cos & to their denominator
Al*: Correct proof
20(cos” @ +sin” 9
Note: Allow 1* M1 1** Al (together) for any of LHS — _COS—ZQ or LHS - > (?OS +sin”0)
sinf@cosd sin &cos &
1+tan’ 0
or LHS — cos26(cot& +tanf) or LHS — cos 28| —————
tan &
(1.e. where cos26 has been factorised out)
Note: Allow I M1 1# Al for progressing as far as LHS =... =cotx —tanx
Note: The following is a correct alternative solution
cos 30 N sin30  cos30cos @ +sin30sing 7 (cos 40+ cos 26) — 7 (cos 460 —cos 26)
sind  cosé sin#cos & sin#cos &
_ -cos 26 _ co.s 26 9ot 29 *
sinfcos@  Lsin2d
. cos 20cos’ @ —sin 26sin A cos & + sin 26 cos Osin & + cos 20sin *0 cos 20
Note: E.g. going from to

sin@cos @ sin&cosf
with no intermediate working is 1% AQ




Notes for Question 12 Continued

(b) Way 1
M1: Evidence of applying cot 26 = _1
tan 26

dM1: dependent on the previous M mark

Rearranges to give tan28=F, k = 0, and applies arctank
Al: Uses 90° < & <1807 to deduce the only solution & =awrt 103.3°
Note: Give MOMOADO for writing, for example, tan 26 =2 with no evidence of applying cot26 = —

n
Note: 1#* M1 can be implied by seeing tan 26 —%
Note: Condone 2" M1 for applying arctan (%] {=13.28...}
(b) Way 2
M1: Evidence of applying cot 26 = 1
tan 26

dM1: dependent on the previous M mark

Applies tan 20 = % , forms and uses a correct method for solving a 3TQ to give

—tan

tan@ =k, k=0, and applies arctan k
Al: Uses 90° < @ <180° to deduce the only solution & =awrt 103.3°
Note: Give M1 dM1 Al for no working leading to & =awrt 103.3% and no other solutions
Note: Give M1 dM1 AO for no working leading to &= awrt 103.3° and other solutions which can be

either outside or inside the range 90° < £ <180°




Question T5 Q11

Question Scheme Marks AOs
6(a) R=\5 Bl 1.1b
fane=2=a=.. Ml 1.1b
a=1.107 Al 1.1b

&)

. t
9=5+\/§sm[f—2+1.107—3j

(b) (5 + \E) °C  or awrt 7.24°C Bilft 2.2a

)
© Zi1107-3=Z=4= M1 3.1b

12 2

t=awrt13.2 Al 1.1b
Either 13:14 or 1:14 pm or 13 hours 14 minutes atter midnight. Al 3.2a

3

(7 marks)
Notes:

(@)
B1: R=45 only.

M1: Proceeds to a value of o from tan o = +2,tan o = J_rl,sina = iiOR cosor = J_rL
2 "R " ”R"

It is implied by either awrt 1.11 (radians) or 63.4 (degrees)
Al: g =awrt1.107
(b)
B1ft: Deduces that the maximum temperature is (5+‘/§) °C or awrt 7.24°C Remember to isw
Condone a lack of units. Follow through on their value of R so allow (S+"R")°C

(0
M1: An complete strategy to find 7 from 21107 3-Z.
12 2

Follow through on their 1.107 but the angle must be in radians.
It is possible via degrees but only using 15 +63.4—-171.9 =90

Al: awrt 1=132

Al: The question asks for the time of day so accept either 13:14, 1:14 pm, 13 hours 14 minutes after
midnight, 13h 14, or 1 hour 14 minutes after midday. If in doubt use review

It is possible to attempt parts (b) and (c) via differentiation but it is unlikely to yield correct results.

dd = vifs 2r . (=t Tt 1
E_ECOS(E_B']_ESIH(E_BJ_O:tan(ﬁ_:s]_ir)t_13.23_13.14 scores M1 Al Al

de mt . mt i 1
o7 = cos [E_?J_ ZSIH(E—Bi]— 0= tan[E_BJ_Ej t=13.23=13:14 they can score M1 A0 Al (SC)

A value of 1 =1.23 implies the minimum value has been found and therefore incorrect method MO.




Question T5 Q12

Question Scheme Marks AOs
12 (a) States or uses cosecH = Bl 1.2
sin @
. 1 . 1-sin* &
cosecf—sinf=——-sinf = — M1 2.1
siné sin&
2
cos @ cos @
=— =¢os G x——=cosfcot O * Al* 2.1
sin @ sinf?
(&)
(b) COSEC X —SiN X = COS xcot(3x—50°)

= ¢0s xcot X =Cos xcot(3x— 50°)

cotxzcot(3x—50°):>x=3x—50° M1 3.1a
x=125° Al 1.1b
Also cotx:cot(Sx—50°):>x+180°=3x—50° M1 2.1
x=115° Al 1.1b
Deduces x =90° B1 2.2a
&)
(8 marks)

Notes:
(a) Condone a full proof in x (or other variable) instead of 4's here

| I .
Do not accept cosec @ = — with the & missing

B1: States or uses cosec & =

sin & sin
M1: For the key step in forming a single fraction/common denominator
: 1 ) 1-sin* @ in2
E.g. cosec f—sin ) = ———sind = ———— . Allow if written separately — 1 _ sin @ = — 1 _ s1.n i
sin sin sin & sinf@  sin@

Condone missing variables for this M mark
A1%: Shows careful work with all necessary steps shown leading to given answer. See scheme for necessary
steps. There should not be any notational or bracketing errors.
(b) Condone @'s instead of x's here
M1: Uses part (a), cancels or factorises out the cosx term, to establish that one solution is found when
x=3x-30°.
You may see solutions where cot A—cotB=0= cot(4d—-B)=0 or tanAd—-tan B =0=tan(A-B)=0.
As long as they don't state cot 4 —cot B=cot(4—B)or tan 4 —tan B =tan{A — B) this is acceptable
Al: x=125°
M1: For the key step in realising that cot x has a period of 180° and a second solution can be found by solving
x+180° =3x—-50°. The sight of x=115°can imply this mark provided the step x =3x—350has been
seen. Using reciprocal functions it is for realising that tan x has a period of 180°
Al: x=115° Withhold this mark if there are additional values in the range (0,180) but ignore values outside.
B1: Deduces that a solution can be found from cos x = 0 = x = 90°. Ignore additional values here.

Solutions with limited working. The question demands that candidates show all stages of working.
SC: cosxcotx=cosxcot (3x— 50°) = cotx=cot (3x— 50°) = x=25°115°

They have shown some working so can score B1l, B1 marked on epen as 11000




Alt 1- Right hand side to left hand side

Question Scheme Marks AQOs
12 (@ States or uses cot@ = =28 o B1 1.2
sin @
2 : 2
g 1- 7
cosfcotf = C(?S = ?,m M1 2.1
sin & sin &
1 ) :
=———sinf=cosec —sin & * Al* 2.1
sin &
3
Alt 2- Works on both sides
Question Scheme Marks AOs
12 (2) States or uses cotd =28 o or cosecd = B1 1.2
sin @ sin &
2 2
LHS =—— ~sinf = ! — 0o 99
sin 2s{;n sin M 21
RHS =cosBcotd= C(?S
sin &
States a conclusion E. g,
"HENCE TRUE",
Al* 2.1
HQEDH
or cosecf—sind=cosfcotf o.e. (condone = for =)
&)
Alt (b)
Question Scheme Marks AQOs
cos{3x—-50°
cotx:cot(3x—50°):>c_osx: - ( )
sinx s1n(3x - 50°)
sin(3x—50°)cosx—c0s(3x—50°)sinx=0 M1 3.1a
sin ((3JC— 50°)— x) =0
2x=50°=0
x=25° Al 1.1b
Also 2x—350°=180° M1 2.1
x=115° Al 1.1b
Deduces cosx =0 = x=90° Bl 2.2a
&)




Question T5 Q13

Question Scheme Marks AOs
10 (a) cos 34 =cos (24 + 4) = cos 24cos 4 —sin 24sin 4 M1 3.1a
:(2c052A—l)cosA—(2sinAcosA)sinA dM1 1.1b
=(2(:oszA—l)cosA—2(:05/1(1—(:0s2 A) ddM1 2.1




=4cos’ A—3cosA* Al* 1.1b
“
(b l—cos3x=sin"x=cos’x+3cosx—4cos’x=0 Ml 1.1b
= o8 )c(élcos2 x—cosx—3) =0
= cos x(4cosx+3)(cosx—1)=0 dM1 3.1a
= CosX=...
Two of —90°, 0, 90°, awrt 139° Al 1.1b
All four of —90°, 0, 90°, awrt 139° Al 2.1
«
(8 marks)
Notes:

()
Allow a proof in terms of x rather than A
M1: Attempts to use the compound angle formula for cos(24 +.A) or cos(4 + 24)
Condone a slip in sign
dM1: Uses correct double angle identities for cos 24 and sin 24
c0s 2.4 = 2cos” 4 —1 must be used. If cither of the other two versions arc used expect to sce an attempt to
replace sin®4 by 1 —cos’4 at a later stage.
Depends on previous mark.
ddM1: Attempts to get all terms in terms of cos 4 using correct and appropriate identities.
Depends on both previous marks.

Al*: A completely correct and rigorous proof including correct notation, no mixed variables, missing brackets ete.

Alternative right to left is possible:

dcos’ 4—-3cos 4= cosA(4cos2 A —3) = c:r_)sffl(Zcr_)s2 A-1+ 2(1— sinzA) - 2) =cos 4 (cos 24— 2sin” A)
=cos 4cos 24— 2sin Acos 4sin 4 =cos 4cos 2.4 —sin 24 sin 4 = cos(24 + 4)=cos 34

Score M1: For 4cos® 4—3cos A= cosA(4cos2 4 —3)

dM1: For cosA(2cosl A-1+ 2(1—sin2 A)— 2) (Replaces 4cos® A—1by 2cos* 4—1 and 2(1—sin2 A))
ddM1: Reaches cos A4 cos24—sin24sinA4

Al: cos(2A+ A)=cos3A4
(b)

M1: For an attempt to preduce an equation just in cos x using both part (a) and the identity sin® x =1—cos” x
Allow one slip in sign or coefficient when copying the result from part (a)

dM1: Dependent upon the preceding mark. It is for taking the cubic equation in cos x and making a valid attempt to

solve. This could include factorisation or division of a cos x term followed by an attempt to solve the 3 term

quadratic equation in cos x to reach at least one non zero value for cos x.

May also be scored for solving the cubic equation in cos x to reach at least one non zero value for cos x.
Al: Two of —90°, 0,90°, awrt 139° Depends on the first method mark.

Al: All four of —90°, 0, 90°, awrt 139° with no extra solutions offered within the range.

Note that this is an alternative approach for obtaining the cubic equation in (b):




l-cos3x=sin*x=1-cos3x= %(1 - cost)

=2-2cos3x=1—-cos2x

=1=2cos3x—cos2x
=l1= 2(40053x—3cosx)—(20052x—l)

3 2
=0=4cos x—3cosx—cos" x

The M1 will be scored on the penultimate line when they use part (a) and use the correct identity for cos 2x




Question T5 Q14

Question Scheme Marks AQCs
10(a) 1—cos 28 +sin 28 1—(1—25in2 6’)+25in90056’
1+cos20+sin 20 1+cos2@+sin 26
or M1 2.1
1-cos28+sin 28 1—cos 28 +sin 26
1+ cos 28 +sin 28 1+(200329—1)+2sin6’cos9
1—cos26 +sin26 1—(1—2sin2 6’)+25in90056’ b
1+cos20 +sin20 1+(2cosz6'71)+2sin90056’ Al 11
~ 2sin’ 0+ 2sinfcos @  2sind(sind+ cosh) M1 a1
C 2cos’@+ 2sinfcos®  2cos G(COS @+ sin@) )
= Sing:tan@* Al* 1.1b
cos &
@
(b) 17COS4X+S1n4x:3sin2x:>tan2x:3sin2x 0.c M1 3.1a
1+ cosdx+sindx
= sin2x—3sin 2xcos2x =0
=sin2x(1-3 2x)=0
sin x( CcOs x) Al L1b
= (sin2x=0,) cos2x%
x=90°, awrt 35.3°, awrt 144.7° Al | LIb
Al 2.1
@
(8 marks)

Notes




(a)

M1: Attempts to use a correct double angle formulae for both sin 26 and cos 26 (seen once).
The application of the formula for cos 260 must be the one that cancels out the "1"
So look for cos28 =1 — 2sin®0 in the numerator or cos28 = 2cos’d — 1 in the denominator
Note that cos28 =cos?*d —sin’d may be used as well as using cos’8 + sin’8 =1

N 1—(1—25in2 6‘)+2sin6’cos€ 2¢in’ O+ 2sin & cos &
: or
1+(200s29—1)+2sin90059 2cos” @+ 2sin @ cos &

dM1: Factorises numerator and denominator in order to demonstrate cancelling of (sinf + cos8)

Al*: Fully correct proof with no errors.
25in0 (sin@+<05)  ing 2gin @
You must see an intermediate line of . or e
20059W cosf 2cos

Withhold this mark if you see, within the body of the proof,
e notational errors. E.g. cos28 =1 —2sin® or cos#” for cos’8
e mixed variables. E.g. cos28 = 2cos’x — 1

(b)

M1: Makes the connection with part (a) and writes the lhs as tan2x . Condone x <> ¢ tan 26 =3sin 20

Al: Obtains cos2x =%0.e. with x <> . You may see sin® x= % or cos® x =§ after use of double

angle formulae.
Al: Two "correct" values. Condone accuracy of awrt 90°, 35°, 145°
Also condone radian values here. Look for 2 of awrt 0.62, 1.57, 2.53
Al: All correct (allow awrt) and no other values in range. Condone x <> @ if used consistently

Answers without working in (b): Just answers and no working score 0 marks.

If the first line is written out, i.¢. tan 2x = 3sin 2x followed by all three correct answers score 1100 .




Question T5_ Q15

Question Scheme Marks AOs
4 Examples:
5 2
4sin2w 4 4 , 3cos’@=3 1—9—
2 2 2
300329:3(1—sin26’)w3(1—92) Mi I1a
28 +1 2
300570 - 380820+ 3[1— 40 +1J
2
Examples:
5 2
4sing+3cos2 =4 g +3 1—9—
2 2 2
4sing+3csoslt9=4(gj+3(l—sin2 9)% 2!9+3(1—!92) dM1 1.1b
2 2
.0 ) .9 _(cos26+1) (ej 3( 46 j
4sin—+3cos" @ =4sin—+ 33— = 4| — |+—| 1 - +1
2 2 2 2 2 2
=20+3(1-0%+..) =3+20-30° Al | 21
3
(3 marks)
Notes
M1: Attempts to use at least one correct approximation within the given expression.
2
Either SinE ~ o cosf 1—? or e.g. sinf ~ @ if they write cos’ # as 1-sin’ f or e.g.
260) 1+ cos 20
cos26 ~1- ( 2) (condone missing brackets) if they write cos’ @ as R
Allow sign slips only with any identities used but the appropriate approximations must be
applied.
dM1: Attempts to use correct approximations with the given expression to obtain an expression
in terms of & only. Depends on the first method mark.
Al: Correct terms following correct work. Allow the terms in any order and ignore any extra
terms if given correct or incorrect.




Question T5 Q16

Question Scheme Marks AOs
0@ Angle AOB = ”—;9 Bl | 22a
)
® Area = 2%*(”—;9}%(2?")29 M1 | 21
:lrzfr—%r26’+2r29:%r26+%r27r:%rz (30+7)* Al* 1.1b
@)
(©) Perimeter = 4r+2r[7{;9]+2r9 M1 3 1a
=4r+rm+r0 ore.g. r(4+7r+9) Al 1.1b
@)
(5 marks)
Notes
(a)
B1: Deduces the correct expression for angle AOB
Note that 182~ scores Bo
(b)

M1: Fully correct strategy for the area using their angle from (a) appropriately.

Need to see 2x %rza or just »*a where a is their angle in terms of & from
part (a) + %(Zr)z @ with or without the brackets.

AT*: Correct proof. For this mark you can condone the omission of the brackets in %(2@2 g as

long as they are recovered in subsequent work e.g. when this term becomes 2#°0
The first term must be seen expanded as e.g. %rlﬂféﬂa or equivalent

(©

M1: Fully correct strategy for the perimeter using their angle from (a) appropriately

Need to see 4+ 2ra+ 2r8 where « is their angle from part (a) in terms of &
Al: Correct simplified expression

Note that some candidates may change the angle to degrees at the start and all marks are available
e.g.

180_1806’
(a) 7
2
1808
180 ———
(b) 2 — & | X ITr 4 o X@XH(ZF)Z:lfn‘z—l?‘29+2?‘29:lf‘2(39+72’)
2 360 360 & 2 2
1808
180———
(©) 4y — 7 | L 0g 1800 1

X—=x27(2r)=4r+7r+r0
2 360 T 360




Question T5 Q17

Question Scheme Marks AOs
15() R=4f5 Bl | LIb
tana::l OF sinor = —— OF cosg = —= > = M1 1.1b
2 Js V5
a=0.464 Al | Lib
3)
(b)) 34245 BIft | 3.4
(D cos (0.57+0.464) =1=> 0.51+0.464 = 27
Ml | 3.4
>t=..
t=11.6 Al | LIb
3
© 3+2+4/5¢c0s(0.57+0.464) =0
3 Ml | 34
cos(0.5¢+0.464) = —-—=
25
cos (0.5¢+0.464) = 3 = 0.5t +0.464 = cos™’ [—iJ
25 245
dMI1 | 1.1b

—f= 2(0031 [—%) — 0.464]

So the time required is e.g.:

2(3.977..-0.464) - 2(2.306...- 0.464) dML | 3.1b
=3.34 Al 1.1b
)
(d) e.g. the “3” would need to vary B1 3 3¢
@
(11 marks)
Notes
(a)
Bl: R = \/5 only.
M1: Proceeds to a value for a from tan « :i% OF sing —+—L O coser — +—2—
"R "R

It is implied by either awrt 0.464 (radians) or awrt 26.6 (degrees)
Al: a=awrt 0.464
(b)(1)
Bl1ft: For (3 + 2\/5) m or awrt 7.47 m and remember to isw. Condone lack of units.

Follow through on their R value so allow 3 + 2x Their £. (Allow in decimals with at least

3sf accuracy)
(b)(i1)
M1: Uses 0.5t £"0.464" = 27 to obtain a value for ¢
Follow through on their 0.464 but this angle must be in radians.
It is possible in degrees but only using 0.5:£"26.6" =360
Al: Awrt 11.6




Alternative for (b):
H =3+4cos(0.5t) - 2sin(0.5¢) :t—[j =—2sin (0.5¢)—cos(0.5¢) =0

= tan(0.5¢) = —% = 0.5t =2.677...,5.819...=1=5.36,11.6
t=11.6=H =747

Score as follows:
M1: For a complete method:

drf dH
Attempts ' and attempts to solve ’n =0 for ¢t

Al: Fort=awrt 11.6
Blft: For awrt 7.47 or 3 + 2xTheir R

(c)
M1: Uses the model and sets 3+2"/5 "cos(...) =0 and proceeds to COS(...) = k where |k| <1.

Allow e.g. 3+2"\/§”cos(...) <0
dM1: Solves COS(O.Sti "0.464") =k where |k| < lto obtain at least one value for ¢

This requires e.g. 2(% +cos” (k)*tan (%D ore.g. 2(% —cos ' (k)*tan™ [%D

Depends on the previous method mark.
dM1: A fully correct strategy to find the required duration. E.g. finds 2 consecutive values of ¢
when H = 0 and subtracts. Alternatively finds ¢ when H is minimum and uses the times found
correctly to find the required duration.
Depends on the previous method mark.

Examples:
Second time at water level — first time at water level:

2(71' +cos! (%} —tan ™’ [%H - 2(7:’ —cos! [%) —tan ™ [%D =7.02685...-3.68492. ..

2 x (first time at minimum point — first time at water level):

2[2[71’ ~tan™ GD - 2[71’ ~cos™ [%J ~tan™ GJD =2(5.35589...-3.68492...)

3
Note that both of these examples equate to 4cos ' [EJ which is not immediately obvious

but may be seen as an overall method.
There may be other methods — if you are not sure if they deserve credit send to review.
Al: Correct value. Must be 3.34 (not awrt).

Special Cases in (¢):
Note that if candidates have an incorrect e and have ¢.g. 3+ 2Js cos(O.St - 0.464), this has no

impact on the final answer. So for candidates using 3+ 245 cos(O. 5tx a) in (c) allow all the

marks including the A mark as a correct method should always lead to 3.34
Some values to look for:

0.5t £"0.464"=22.306, £3.977, £8.598, £10.26
(d)

B1: Correct refinement e.g. As in scheme. Ifthey suggest a specific function to replace the “3”
then it must be sensible e.g. a trigonometric function rather than e.g. a quadratic/linear one.




	Pearson Edexcel GCE Mathematics (9MA0)
	Paper 1 and Paper 2
	Topic 5: Trigonometry
	General guidance to Topic Tests
	Context
	Purpose

	Revise Revision Guide content coverage
	Questions
	Question T5_Q1
	Question T5_Q2
	Question T5_Q3
	Question T5_Q4
	Question T5_Q5
	Question T5_Q6
	Question T5_Q7
	Question T5_Q8
	Question T5_Q9
	Question T5_Q10
	Question T5_Q11
	Question T5_Q12
	Question T5_Q13
	Question T5_Q14
	Question T5_Q15
	Question T5_Q16
	Question T5_Q17

	Mark Scheme
	Question T5_Q1
	Question T5_Q2
	Question T5_Q3
	Question T5_Q4
	Question T5_Q5
	Question T5_Q6
	Question T5_Q7
	Question T5_Q8
	Question T5_Q9
	Question T5_Q10
	Question T5_Q11Question T5_Q12Question T5_Q13
	Question T5_Q14
	Question T5_Q15
	Question T5_Q16
	Question T5_Q17



