@ Pearson

Edexcel Model Solutions

Additional Assessment Materials
Summer 2021

Pearson Edexcel GCE in Mathematics

9MADO (Public release version)

Resource Set 1: Topic 5

Trigonometry


Matthew Dailey
Model Solutions


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

Additional Assessment Materials, Summer 2021
All the material in this publication is copyright

© Pearson Education Ltd 2021


http://www.pearson.com/uk

General guidance to Additional Assessment Materials for use in 2021

Context

Additional Assessment Materials are being produced for GCSE, AS and A
levels (with the exception of Art and Design).

The Additional Assessment Materials presented in this booklet are

an optional part of the range of evidence teachers may use when deciding
on a candidate’s grade.

2021 Additional Assessment Materials have been drawn from previous
examination materials, namely past papers.

Additional Assessment Materials 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published (those materials available publicly) and unpublished (those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 candidate.

Purpose

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

This document should be used in conjunction with the mapping guidance
which will map content and/or skills covered within each set of
questions.

These materials are only intended to support the summer 2021 series.
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Figure 1

The shape ABCDOA, as shown in Figure 1, consists of a sector COD of a circle centre O joined
to a sector AOB of a different circle, also centre O.

Given that arc length CD = 3 cm, ZCOD = 0.4 radians and AOD is a straight line of length 12
cm, find

(a) the length of OD, éo.ui \

o r 0 (2)
$=r10
3=rxOh
=) 3fon =r = F=70m

(b) the area of the shaded sector AOB.
AOC = 12-78 = LS and Arex °;F o Xxctber S Fouml. Wling : 3)

A=+c0 = 5us) (T-0n) = 37,5’

(Total for Question 1 is 5 marks)




2.

Some A level students were given the following question.

Solve, for —90° < < 90°, the equation
cos @ =2sin 6.

The attempts of two of the students are shown below.

Student A Student B
cos @ =2sin @ cos @ =2sin 8
tan @ =2 cos? @ =4sin’ 9
0=63.4° 1-sin20 =4sin? @
sin? @= 1
5
] 1
sin =+—
\5
0=126.6°

(a) Identify an error made by student A.

inc 4
bt it Shewd bR Sine g - 5
Coox

Student B gives 8= —26.6° as one of the answers to cos & = 2 sin 6.
(b) (i) Explain why this answer is incorrect.

Cos (-266) # 2Sin (-26€) Sine 0.394R # - 0395

(if) Explain how this incorrect answer arose.

(2)
s mistake mes from e Squaing off bt Dides.

(Total for Question 2 is 3 marks)




3. (a) Given that ¢ is small and in radians, show that the equation

cos #—sin l0+2tan6?: 11 ()]
2 10

can be written as 56% — 156 + 1 ~ 0.

2

W hae Mot Sin® % tan@® 260 and Cos®O % l- 20 3)

Ahen @mm qualien  T,WR haw l—i:, %+Q® AN

10

=Y 10- 56~ 50 + A0 = |1
=> S®1-IS® +]) =0 bﬂ reasranging-

The solutions of the equation 56° — 150 + 1 = 0 are 0.068 and 2.932, correct to 3 decimal places.

(b) Comment on the validity of each of these values as approximate solutions to equation ().
©=0.063 =5 jhs will be a awg. approcimodion Sne O s Smaul. (1)

0 -2934 => this will nct be a gosd  appreximadion Since ® i3 not Smeut
ok W Know the  ogpoximadion iy only Volid for Small  angles.

(Total for Question 3 is 4 marks)




4.

The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(30t)°, 0<t<24,
where t is the number of hours after midnight.

A boat enters the harbour at 6:30 a.m. 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.

(@) Find the depth of the water in the harbour when the boat enters the harbour.
e boot enfers ok 6-30am and  63cam is €5 hows offey midnght. (1)

Theafe E- 65 ank D=5+ 25in(3cx65) = hW¥im
= L\EEM

—

(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.)

When D=33, W will hoe 3.%=9+ asin(3ot). (4)
=5 §in(3ct) = -0.6 => dot = arcdin(-0.6)
=> t= 7.228%, )0.77l.
£% %5 become the beat amive> o 630pm  and bukes & hows tr losd the Cange,
So b cannct lear befor S3opm => £=|0.77L

=> [0+ 60(0.971) => leaving hme is o :Hbam. (Total for Question 4 is 5 marks)

—

(@) Solve, for -180° < @ <180°, the equation

5sin26=9tan 0

giving your answers, where necessary, to one decimal place.

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

(6)
95220 = Qlon O

=72 9tin a0 -qtand =0
-9q5in® + SSOIINAL _ o )mm QVQJSW% intems of Sin and (o5
_1oind + VPSP oS

Cos®

l eamrange

=

-y ~95in0+ SCo308in20 =0 ) Erpuud wing 51020 - A5in 00

=) -9%in0® + 10 Cos*65in® = 0O 3
Q _ L

=> 10ce5*0OSin® = 945in6®@ =9 locos ®:=9 =) GCos0 = JB = 0= O'"_’COSUT’)



= |30-1543=161.6° => @ = -15.4° and ©= |61.6°

—

(b) Deduce the smallest positive solution to the equation

5 sin (2x —50°) = 9 tan (x — 25°)
)

@ =¥ -a8 = -1C1.6 => %= 1316 whith iS net PGBI“UQ'-

O=-1%h =5 x: 6.6 whelt 15 the Smauest pPossibie Volue

(Total for Question 5 is 8 marks)
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Figure 2
Figure 2 shows a sketch of part of the curve with equation

y=5cos (x—-30)°, x=>0.

The point P lies on the curve and is the minimum point with smallest positive x-coordinate.
(a) State the coordinates of P.

’fhe Y-ouis s Shredched, bﬂ a ot -p.u}w o-‘—\ S ond the Urpp)\. 'S
Shithed

)
d0° e the riﬂh‘/. =) The waal P- ([8—014) => P= (lBQ +3°/'|‘5)
:) P = (9\‘0( -S)
(b) Solve, for 0 < x < 360, the equation
5 cos (x — 30)° =4 sin x°,
giving your answers to one decimal place.
(4)
e use fhe compound O‘"UIQ' (fe‘”"‘“‘*‘*- =Y S((osxCos30 + Singdinde) = LiSink .
W gpand MR biooels and rewrame => 5 %Cosm_%_g, >= L Sine
=> 5B Gsx- 2sink - ©
a a
=> SJ3Cesx - Bdnk _
ok
=) SV3 CosX -35ink =0
=> SR Cosn = ITink
= Co
=S fank = 503 ) fanx _ém% ond WS Mhe
3

nverse.
=Y K= arckan §J_3_)
3

p—

= K= 709° ol K=92%04°

——



(c) Deduce, giving reasons for your answer, the number of roots of the equation
5 cos (2x — 30)° = 4 sin 2x°

for 0 <x < 3600.
Sint A% is mode the bmoket  Ihe grgh has been shetched by o (2)

gmiw of Y& inh e x-S W nemally weuld hae d feets in o<Xx &6,

and Do 4 rocts wifh e new  Hansformadion, then we  muiply by Lo for  Osxc 3geo.

=> L0 RoctS (Total for Question 6 is 8 marks)




In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.
(@) Show that

cosec & — sin @ = cos 6 cot 0 6 # (180n)° nez
= ' _ - L _ SnO3in6 et .
5in® Sin® Sin® 8__—“‘\.; = \-8m® _Cos*® (3)
din0® 8nG®
. |
Sin®
° Cct@ = Ce50

SIn®@

I

Cos® - Cot ® 05 repuied

e 3O + G50 = |

(b) Hence, or otherwise, solve for 0 < x < 180°
cosec X — sin X = €0S X cot (3x — 50°)
()
WL know Coted®) - Sin(x) = Cos®)Cet(x)
v W Can Say thet CosxGotx = CosxCot (3x-50°)

=Y Cot(x) = Cot (3x-50)
=Y x= dx-3¢

=> Jx= 5O =7 3(-:_350

—

(Total for Question 7 is 8 marks)
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Figure 3

Circle C1 has equation x? + y? = 100
Circle Cz has equation (x — 15)? + y? = 40
The circles meet at points A and B as shown in Figure 3.

(@) Show that angle AOB = 0.635 radians to 3 significant figures, where O is the origin.

2
Y o100 -x"  ond 9= LO- (x-15) (4)
L

=5 100-x"= uo- (x-Is)

= = 9.5
= GO-J(": -x'+30x-23a5 =D 30x = a8 => X q .

=S yi- loo-(@5)

=> 7= * a5

fhen 0= o (ﬁ) > §-01376.

9.5
“dhen ©.50 =0=0.317c => 0= 0.5 [(adans

—_—
———

The region shown shaded in Figure 3 is bounded by C; and C;

(b) Find the perimeter of the shaded region, giving your answer to one decimal place.
We Know that angle AOB = 0.635, 50 we hae that (}Tl- 0.635).r 5 equal 4)
te Y  Circumfoence os‘ Cl => SEkx.
Then  Wsing coodinales We cun Creale a Hicmﬁle [ werk ot on  agle-

From e  Coine rule : CosO = BH(:;AI => A-2[a®.B=cC= [
2

D\,Y\a-' ® = 0‘31% Ta.nlm-ns. . .
(Total for Question 8 is 8 marks)

Ahen  2T-037% = 5.8 => Rx5.3% = dF2L

" /1< E =) Cireumforene = 373 + 56.238 = 93.7 units.
A’ el
n {0

R



9. (i) Solve, for0<x< % the equation

4 sin X = Sec X.
LN K -Secx =0

\ @
WL Maske evergthing in terms of Cosx,then
=] + WlosxSine
=7 _,:,C_fli--‘—o becawr $he  epuodien ©® equal o O, W
oS %
Con Qimnale He dwnommnodor CoO.
=Y hCosxdink-l =0 WL fhen wh the  double Q)l\oit ,?mmubx (Sinav..,= AdinxLodx)
=7 ASindx - :/O ond W Finnll.\lj rRovrange and ol
) [indx = Yd
D K= arcSin(/2) — n
—s =

(if) Solve, for 0 < 6 < 360°, the equation

5siné—5cos =2,

giving your answers to one decimal place.

(Solutions based entirely on graphical or numerical methods are not acceptable.)

SSin®-5as0 =&

)
) Reowrame
=) SSin® = 5056 +2 v

=) A9Sn 0 = (SC°S®-\- 3)1 Squ,ou& and  *xpand

=y ASSn0 ~h-20Cos0 -A505 © = ©

n'® = \-Cos'0
> Al - 20Cos® - 50cos*0 =© Sin © = \-Cos
> Cos® = -3t he

\o

=2 0 = ocls 'a":\tm
c

=9 ® = 6""'0'

——

©=\51.4° ®= 2 u® and O= 331.u°

—

—

e

(Total for Question 9 is 9 marks)




10. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

(@) Show that

cos3A=4cos] A—3cos A
Cos(2A) = Cos @A+A) = Cos AACosA - Sin2ATInA

1

"

(4)
(Qcos‘A—t) CosA - R (Co3ATInA)SinA

[}l

Cos*A - s A - 2Sin ACosA

2Cos°A - CosA - |- o3'A) CosA

YCos A - Co5A - A5A + 20PA = 4 Cos A - DGsA  as
(b)

_— reguired- -
Hence solve, for —90° < x < 180°, the equation

1 — cos 3x = sin? x

(4)
from pak o wa haw that the obor © equiclant te
\—hc<>s3m~ 3cos x - (I-Cos’x) =0

-> -hcosx + Cosx +3Co5x =0

=D Cosx - |,o,_o_‘+5 =) K= Qrc(bs(l,o,-o.?‘s)
=) e (fos ) =0 => J:=_"'10°
« Cos (X)= | => Xx=

o
o
—
—_

We Solie this waing S wWostitcdion,
and. L= 90°. o ihverse brig.
o Cos(@)= -0.35 =» X = !}_3.6"

———

(Total for Question 10 is 8 marks)




11. (a) Express 10 cos 8- 3 sin @in the form R cos (6+ ), where R>0and 0 < a < 90°.
Give the exact value of R and give the value of «a, in degrees, to 2 decimal places.

(3)

|0Cos® - 35in® ond  Cos(A+B) = @DACESE - BinASnB R

=> 10:= RCos 2 ank &= {Sinx

- 1o - > - 3
> 10 . ad 3 g 2> m Ty D temas
Cost- Sinct

Lo
=> a = |6.6a% = h(‘/—QCOS(Q +tc.c'1)

———

Figure 3

The height above the ground, H metres, of a passenger on a Ferris wheel t minutes after the
wheel starts turning, is modelled by the equation

H =a - 10 cos (80t)° + 3 sin (80t)°
where a is a constant.
Figure 3 shows the graph of H against t for two complete cycles of the wheel.
Given that the initial height of the passenger above the ground is 1 metre,

(b) (1) find a complete equation for the model.
M= 0- liov Cos (Sot +16.64)

’(hen when L=0, H=1 => \=o- S—\;Cos(\c‘sa) => a=U.0

=>  H=|\- I\;;Cos("o’cb +\€-€q)

(if) Hence find the maximum height of the passenger above the ground.
be ek o moximw R =>we Should minmise Cos (Bok+1c62). )

S minimue Wil bl —1 Sihe #5 o Cos funchien

Hz l-Jiem e-t =tedoa = QU wniks

(c) Find the time taken, to the nearest second, for the passenger to reach the maximum height
on the second cycle.

(Solutions based entirely on graphical or numerical methods are not acceptable.)



Mox Hegt Vol : /Q*b&-\‘ao
Gos(Sob+ 166)= -1 =>  Fob+ 1665 = §40 Guseen lat Cyoi).
=> 6.4 ReondS whith S equaalank E0 (3)

Cminwtes and 33 SRconds

It is decided that, to increase profits, the speed of the wheel is to be increased.

(d) How would you adapt the equation of the model to reflect this increase in speed?
You Couwd incea® Speed by inveasing P Gefficreut of £, ie anghhing (1)

Grale  than HR Ctent So wedd Work. (Total for Question 11 is 9 marks)
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