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Questions

Q1.

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

Solutions relying on calculator technology are not acceptable.

Given that the first three terms of a geometric series are

12cosf 5+ 2sin6 and 6tan6
(a) show that

4sin%0 - 52sin6+25=0
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Given that 6 is an obtuse angle measured in radians,

(b) solve the equation in part (a) to find the exact value of 6
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(c) show that the sum to infinity of the series can be expressed in the form

k(1 - V3)
where k is a constant to be found.
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(Total for question = 10 marks)
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Q2.

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.

. 1,
Area of sector = — 76

1 | =

% 5% x 40

= 500 cm?

(a) Explain the error made by this student.
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(b) Write out a correct solution.
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(Total for question = 3 marks)
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Qs.
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Figure 1
The shape OABCDEFO shown in Figure 1 is a design for a logo.

In the design

OAB is a sector of a circle centre O and radius r
sector OFE is congruent to sector OAB

ODC is a sector of a circle centre O and radius 2r
AOF is a straight line

Given that the size of angle COD is 6 radians,
(a) write down, in terms of 6, the size of angle AOB
N
Aol = o -9 ﬁ
2

(b) Show that the area of the logo is 9
|
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(c) Find the perimeter of the logo, giving your answer in simplest form in terms of r, 6 and .
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_ [B-8\, - RY_®Y _ Avc EF e = 2(E-2 ) 426V
kv /1'6—[%—\/’9_ 2 v \lewd/' (L 3
rav £ k2

Arc Cy = 9lLy) =20V
> P - T — &V +20v + v+ 2V

AF = 2C

Pe W + 4V + OV

(Total for question = 5 marks)
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Q4.

FRONT OF STAGE
Diagram NOT

D 27.6
27.6m
accurately drawn

B 3'7k1 v F
; E

A4 15w O 15 G
15m

BACK OF STAGE

Figure 1
Figure 1 shows the plan view of a stage.
The plan view shows two congruent triangles ABO and GFO joined to a sector OCDEO of a circle, centre
O, where
e angle COE = 2.3 radians
e arclength CDE =27.6 m
e AOG is a straight line of length 15 m

(a) Show that OC =12 m.

A«-(/: Qv
A76= L3 x0U
oC = ’.E)"é — I:ZVV\ S\NOLAV\,

2-3

(b) Show that the size of angle AOB is 0.421 radians correct to 3 decimal places.

n t
poR= =23 - gom g o 0 gl veebians C%.J'D
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Given that the total length of the front of the stage, BCDEF, is 35 m,

(c) find the total area of the stage, giving your answer to the nearest square metre.

25-27.6 = 7 dm AO= 1S = T5m = 08
BC ~EF 2% _ 2.9
L
0% = -4 = [5-7 e =0OF

Aren 1 A kol = fveu 1@ AoFG = -ix (57 )6 x5t 042 = A4 06|m™

T o 2
Total Aven = 30.212 + 2(2e060) = 1F43Gm @ IE

—_—
—

(Total for question = 10 marks)

(Q08 9MA0/01, June 2023)



Q5.

The curve C has parametric equations

dy
(a) Find an expression for dax in terms of t.

Ay .EJ—j—x g\ﬁ _;Aﬂ _ -7,&?1@%5.,\!7 c-sﬁ)
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The point P lies on C where t= 3
The line I is the normal to C at P.

(b) Show that an equation for / is

2x—23y-1=0
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The line I intersects the curve C again at the point Q.

(c) Find the exact coordinates of Q.

You must show clearly how you obtained your answers.
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(Total for question = 13 marks)
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Q6.

Given that 6 is small and is measured in radians, use the small angle approximations to find an

approximate value of

1 —cos40
20sin 30

o[- 2]

(Total for question = 3 marks)

(Q01 9MAO0/01, June 2018)



Q7.

Prove that

(@)

nr ie
tan @ + cotl) = 2cosec2?, 0+ - nE€ Z

tanty + Cot 0
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(b)

Hence explain why the equation

tanf + cotd =1

does not have any real solutions.

QCosec 2.6 = |

Sin2e =2

-\ (< Sin Le < 1 hewee wo

veak Sy ors gw

Gngd =9

(Total for question = 5 marks)

(Q09 9MAO0/01, Specimen papers )



Q8.

The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(301)° 0<t<24
where t is the number of hours after midnight.

A boat enters the harbour at 6:30 am 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.
Akt =65

I = 5+2%wn [10%6-5)
D

- 4ea%m (st

(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.)

3% = 5 + D\S(tv\ SD‘IJ

-2 = 25 %ot
—ob = S\w 30t
S0t = 15043657 | Yo~ 3687 Swo+ (.57  710-26%T

b= 2000 1007

1
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—

(Total for question = 5 marks)

(Q08 9MA0/01, June 2018)



Q9.

< 12cm
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, 2COD = 0.4 radians and AOD is a straight line of length 12 cm,
(a) find the length of OD,

hee = O

L = 04 Od

&n = E -~ 7‘§CV\"
2 ¢

(b) find the area of the shaded sector AOB.

N

Ok = [2-7S = ¢ Scwm AOB = A-0-Y

~2 — .
A’VQMEZA_OGZBL,K -5 XC?\.-’OQ)

/—Lm«n jf/cf)é = 27.8cwt (% 54)

_

(Total for question = 5 marks)

(Q02 9MAO0/01, Specimen papers )



Q10.

Figure 1

Figure 1 shows a sector AOB of a circle with centre O and radius r cm.

The angle AOB is 6 radians.

The area of the sector AOB is 11 cm?

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

F—-/P:@ + 2

—
P = 4 AL
q@:ﬂ;"’g’(/
éﬁ\@::l\/
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(Total for question = 4 marks)

(Q03 9MA0/01, June 2018)



Q11.

On a roller coaster ride, passengers travel in carriages around a track.

On the ride, carriages complete multiple circuits of the track such that

¢ the maximum vertical height of a carriage above the ground is 60 m
e a carriage starts a circuit at a vertical height of 2 m above the ground
e the ground is horizontal

The vertical height, H m, of a carriage above the ground, t seconds after the carriage starts the first
circuit, is modelled by the equation

H=a- b(t - 20)?
where a and b are positive constants.

(a) Find a complete equation for the model.

koo o T =20
S acbo
k=9 ~ t=0
2> Lo - bﬂ’”‘”l
h = S% - 9-1¢%
(- 10)*

W - bo - o-14s [t -20)

C e

(b) Use the model to determine the height of the carriage above the ground when ¢ = 40
A_ t— t = ¢qo
7
= bo—o ¢S ([ @0-10)

K =

p—




In an alternative model, the vertical height, H m, of a carriage above the ground, t seconds after the

carriage starts the first circuit, is given by

H=29 cos(9t+a)’+p 0<a<360°

where a and B are constants.

(c) Find a complete equation for the alternative model.

kv K. o bes (ke = 4

! o — A +ﬁ
7 = 3|
kvt t-=o, H=2
2 =29 Lles [(«) +3]

- 29 = 25905 A
— | = Los A
< = [g0’

b= 99Ces (at +150) + 3

Given that the carriage moves continuously for 2 minutes,

(d) give a reason why the alternative model would be more appropriate.

The r:Fl‘t/‘s'i/ e ol cwlj o CConndlrs ,Flw one (}(70&,

st possibl .
Abewstivs maldl sifombs v nudbipl greles.
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(Total for question = 7 marks)

(Q13 9MAO0/01, June 2023)



Q12.

Some A level students were given the following question.

Solve, for —90° < 6 < 90°, the equation

cos B=2sin 6

The attempts of two of the students are shown below.

Student 4

cos @=2sin @
tan 8 =2

8=634°

Student B
cos@=2smné
cos’ @ =4 sm* 6
1—sin® 8 = 4sin* 6

R 1
sin“ () = —
d

sinf) = i—-l—-
NG

0 = £26.6°

(a) Identify an error made by student A.

Stod et A Al oides fost - Gvr°&/5 {7 5;[449’ M 6%,/,9[ 7Jl17

(ot =2 ndF  toud - L

Student B gives 6 = —26.6° as one of the answers to cos 6 = 2 sin 6.

(b) (i) Explain why this answer is incorrect.

(ii) Explain how this incorrect answer arose.

oS { —206) = 0- al..
E/> (oS —26-6) 0-%¥9g¢gn!

250 (-266) = - 0. g20627 17

MNowe @z -26-b w o Ualdd
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(Total for question = 3 marks)
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Q13.

A 4

Cl
4 &
\0//
! \

,JC«_{_‘U'L__ o Figure 3

Circle C1 has equation x>+ >=100 /. v = (ieo =0
Circle Cz has equation (x — 15)% + y* = 40
The circles meet at points A and B as shown in Figure 3.

(a) Show that angle AOB = 0.635 radians to 3 significant figures, where O is the origin.
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The region shown shaded in Figure 3 is bounded by C1 and C;

(b) Find the perimeter of the shaded region, giving your answer to one decimal place.

¢, (15.0) I5-95 = §-S
r, = §9o
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(Total for question = 8 marks)

(Q11 9MA0/01, Oct 2020)



Q14.

(@) Express 10 cos 6 — 3 sin 6 in the form R cos (6 + a), where R>0and 0 < a < 90°

Give the exact value of R and give the value of q, in degrees, to 2 decimal places.

J0CosS G — ;5/.«\9'

!
xRL( SMILA 4—[0510(): | c™

K Z§llf/l (Lo( + ﬁLOJS’LO( - H’Z

R Los(e + &)

I
A (06 8 CoSA — 2.5/ n O Sin &

[0 Lo S5 5 — 2511%(9'

L oS = (O A sl =~ 73
/Z.C»rlf\ﬂﬂ _ _}’ Lowr K = O 3
-~ /
R . CoS A %

10056 -2e vt = Ji07 (oS (6 +16:7)



-~V

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

(b) (i) find a complete equation for the model,

(ii) hence find the maximum height of the passenger above the ground.

(‘/3 = x Cfocos bob — 2 ain %fu{r} L’;) Hmm b [usl&% +lé—7):—l
H = « - flon Cos (80t +16-7) " Hoo = 114 Jo9 ¢ 21 4ywm
AU teo oo Ll 2w~ Jiea Ces 1677 —_—
|] = &« - 1O
A = ||
A

[| —[0CoS SOt + 380 SOE

(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.)
Lo (05 §ov (L7 =

et +(L-7) = 180 S¢o
It Lnck

#—:, S-‘fo"’té")

BTO

- 64125 Ml
p-Sy 12 xbo = 32 secoreds

b mdabes 22 Secouels

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?

| would Sncrease  Hle OD&#»‘&;'M JZ—L’

{) L' H=||-Iloles oot + 2 SI,V\ oot (Total for question = 9 marks)

(Q13 9MAO0/02, Specimen papers )



Q15.

-

=

Figure 1

Figure 1 shows a plot of part of the curve with equation y = cos x where x is measured in radians.
Diagram 1, on the opposite page, is a copy of Figure 1.

CoS 9C = 2 + L

(a) Use Diagram 1 to show why the equation

/

l 3:—60576 W-—J' B'—
cosx—2x——=0
2

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

OM_L,U owL (?-a::/\ﬁ 1 :M)‘TMVOV\
\/\-{/V\Lﬂ/ omlg owe VML l/vé{'f -
Given that the root of the equation is a, and that a is small,

(b) use the small angle approximation for cos x to estimate the value of a to 3 decimal places.

2

— C

= X7 9 =L =0
......................... PO R . i P
........... B0 R N e SRl Al =



Diagram 1

(Total for question = 5 marks)

(Q02 9MAO0/01, June 2019)



Q16.

VA

-
<

k
=R 4

Figure 2
The curve Cy with parametric equations
x = 10cos7, _1'=-1\/5sinr. 0<t< 2
meets the circle C, with equation
x*+y? =66

at four distinct points as shown in Figure 2.
Given that one of these points, S, lies in the 4™ quadrant, find the Cartesian coordinates of S.

L 2
“ = Lob t
00 Lo5*t + 225Ma™t =(CL 2C tee

o "= loo (oé_)

e = §O

|90 o5t + 19 (- Cos™t) = 6L

(00 (oo™ + 30 - 12c05 t =66 ;
) Lo =52 o= -~SIT
68Cos " & = 24

Cost~ = o § 5'04—37’:@@

(Total for question = 6 marks)

(Q04 9MA0/02, June 2019)



Q17.

(@) Prove that

1 — cos26 = tanfsin26, 6 #

| — CeS 2©
| - [cwﬁo —slae |

\
| —cos¥e + Siute

Sinte 1—09'97’3 ——Cpbi"e Folnle
25f. 6
Sinab = 25inblo5b
S gl
CaS b

(‘%{ "“&) (5\2&9'5

(2=

PSe

Sin 16 %}we'
Cos b

5‘/\ own -,

2n+ 1)z

€L



T oot
(b) Hence solve, for 2 =" = 2, the equation

(sec®x — 5)(1 — cos 2x) = 3 tanx sin 2x
Give any non-exact answer to 3 decimal places where appropriate.

( Sec " =5 ) (52X foanr) =

E‘L‘Mq’Qc %t‘v\ 'LW{—

§
L -5 (anw {nw.%) =~ 3tz P Stuzm
Cos™n
Sln 1 Famnt S5intm toan = 3#’”427" sln2n
Lo M
Sfhzm tomm — & Slagm Fana = O
oinzw E T
(osZn
L - -
$fn 2w toun ( Co% e ) ©
‘ -y -
Simom - O fam o =T 2 <
Cod N
(
9w =0 x = O Y = =
z Z4 b3 7 [
| = —_—
(o5t = = Cos ™ 2
Jo 5o oS
P IRDﬁé Wh‘lxw"ﬂ e ’(OMI‘V\
-~ C s~
2t T —-I-Q_Oﬁ/ 7 <7 T
/

(Total for question = 9 marks)

(Q12 9MA0/02, June 2018)



Q18.

In this question you must show all stages of your working.
(a) Given that

Solutions relying entirely on calculator technology are not acceptable

2 sin (x - 60°) = cos (x — 30°)
show that
tan x = 33

A [ S:y\ 9 CoS Lo - % inbo Coﬁ-n.i(

(o5 = Cos2o + Slhoc Sinl0
)
1 - - X2loSn _,-)
gsmacto 5) C -

SI‘V\ 92t

— 1
(o> 7¢ [J__3_> + 935 A
2

— J_J Co% = .]::5_ CosaC 4+ Sl'y-'l(,
L 2
250am  — 2 3 lose = (P Cesrn f Slan
6""“""— = 3Jf3— (-5
Lo ot - 3J’;

Sl



(b) Hence or otherwise solve, for 0 < 6 < 180°

2 sin 26 = cos (26 + 30°)
giving your answers to one decimal place.

190 16 = (05 26 Cos%o ~— Sl2& SO

25ined + Sinr0o cos 1o I

‘_.]\.-.)

2
E 55-«'),8 = CGSZU'E
2 T
Htoun L& = K
S
1 5—3
20 = +aun (/—;-)
192 (9.1 , LYo+
6= 9y 99 (1 47.)

(Total for question = 8 marks)

(Q14 9MAO0/01, June 2022)



Q19.

Not to scale

T~ 13cm

8cem B

Figure 1

The shape ABCD, shown in Figure 1, consists of a triangle ABD containing a sector ABC of a circle with
centre B.

Given that

e AD=6.4cm
e BD=13cm
e BA=BC=8cm

(a) show that angle ABC = 0.394 radians to 3 significant figures.
bg" = ¢+ 13 -1 (1000 ¥) (o5 KL

22 1

” _ ¢ +13 - [T
AQC: C/@S [ J “ O'ZQL'L VAJ,{;IGMS ég.#.)

2(t3)(y)

The region R, shown shaded in Figure 1, is bounded by the line CD, the line DA and the arc AC.

(b) Find the area of R, giving the answer in cm? to 3 significant figures.
You must make your method clear.

/A :(El’( § X 12 % 6w 0-3w> —(l c &% x 0‘3w>

>

R = 7.3§or~»z’ (g 57[3

. WA —
g

(Total for question = 5 marks)

(Q04 9MA0/02, June 2025)



Q20.

Given that 6 is small and measured in radians, use the small angle approximations to show that

-lsiug*'S cos?@~a+bl+ch?

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

¢ x g r}[[——%:v\lej

26 + 3 —35mte

26 + 2 “391

2
3 +26 -Je Sgesin -

(Total for question = 3 marks)
(Q04 9MA0/02, Oct 2021)

Q21.
Given that 6 is small and in radians, use the small angle approximations to find an approximate numerical
value of

6 tan 26

1 — cos3d

& (26)
(—[1- 69

T
do
2
90"
1

(Total for question = 3 marks)

(Q05 9MAO0/02, June 2024)



Q22.

In this question you must show detailed reasoning.
(a) Given that x is small and in radians, use the small angle approximation for cosé to show that
1 - cos? (2x) = 4x* — 4x*
| — [ ol A “

2
=1 -]
L__El — o™ Lot ]

oV — wae™ o wn

(b) Given that x is small and in radians, use

e the answer to part (a)
¢ the small angle approximations for sin6 and tan6

to show that

1 — cos? (2x)

sin [ % }um[ =
J )
where a and b are constants to be found.

o
o™ - oL

2 S
CLHL —f‘-hczu‘ﬁ x b
)D’b
b (% ~ ™)
Leg = 24nC

(c) Hence, given that x is very small, deduce an approximate value for

1 - cos”(2x)

¥ o § ' SRR,
sinll llzmtl\
2)

3)

giving a reason for your answer.

kS o —>D0O

LY -2gt—> Y
_—

(Total for question = 6 marks)

(Q06 9MA0/02, June 2025)



Q23.

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 = cosfcotf 0+ (180n)° nel

| _ Sin0

(CuSB') ( ﬂ

SSv\O'

(o059 Cot O Showsw




(b) Hence, or otherwise, solve for 0 < x < 180°

cosec x - sin x = cos x cot (3x — 50°)

(oS 2 Colm &

Losn Cobt X

Cos Cob CZ'X—-S'D)

Cose Cot [ 33 —§2) =O

CoS 2t £ Lot ¢ — cot ( 32z -So) ] =0
(oS5 ¢ =0 Cot e = Cobt [(3%-52)
- -1
AN 7011 CJ#I Lot
— o« - 1.0 -§O
Co —= 2
Lg‘,: Z
%’
ftan x = tan (376 -—SKO>
Tonn  ode F”s’lhl'/l' ot (4D 3oL-50 £ 270
b (180426 = tow 32e-350
(0 A = 38O
[so 4 O = Y*
Ilga = 2
o

(Total for question = 8 marks)

(Q12 9MA0/01, Oct 2020)



Q24.

(a) Solve, for —180° < x < 180°, the equation

3 sin’x + sin x + 8 = 9 cos’x

giving your answers to 2 decimal places.

39in o b simol +¥ = 1 (1= sinTr)
3T ot F = - T el T

[ 190 F5mrt = = O
(ysine 1) (2 o) -0

/ 1
Sinxt = 025 Shaw =

o S o) e sl (L)

o = g 16 145052 5 = ~|%47ﬂ/,]éo»53°

(b) Hence find the smallest positive solution of the equation

3sin?(26 — 30°) + sin(26 — 30°) + 8 = 9 cos?(26 — 30°)
giving your answer to 2 decimal places.

26 30 = 1947
6= =10 ¢35
o = 5. 920

(Total for question = 8 marks)

(Q12 9MAO0/02, Specimen papers )



Q25.

-
2

(i) Solve, for ks , the equation

o £ 2 < A 4 sin x = sec x

|
L[—%\'w W = —
LosS U

q 5:,\9[, CaS7L = |
lll:zsulw'w Co% 7L] = i
A6'n 25 =1

S:y\ 21 =

2 = SwT (D)



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

giving your answers to one decimal place.

5sin6-5cos06=2

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

Y4Sing = SeL &

-2+ ]2
(05% = ——————

S o
¢ G
Colng = 2 (o
L‘a
S¢eel0 - Stote =2
L[/
g_\ — g—CoSLQ’ = 20050
(_{-
5 — 20Ce% 0 = @losE

Loles @ +ELoSF ~ S =0

-2 - J27
(o8 =

(O

o = 702 ,2%%%

(o

, 0
gz 1376, 224

(Total for question = 9 marks)

(Q07 9MA0/02, June 2018)



Q26.

(a) Prove

cos30 sin30
sinf | cosf

2

cot26 6=0Q0m)re.nel

Los (18 +8) L S (20 +©)

S:V\-B’ CLos @

\ t
Loe 20 050 — Sin20 Sent . Stn18 Covd 4 o528 Sia

—

7 e ®
oS 26 Cos & slnre - SL‘V\’Z/Q . (oS20 Sin &
1

lo5 26 [ Sin v + oo

S YAB Cos

Lo% 2.6

S B
(o5 26
0-5S5n28

Cot 287
oS

206t 2%  Clgen

LHS - RHS

(b) Hence solve, for 90° < 6 < 180°, the equation

|%D < 46 < 3bo cos30  sin30 _

sinf  cosf

giving any solutions to one decimal place.
QLo 266 — ¢
(otr 28 = A
'L'CL[A_ 19 =05
26 = e (0°9)

By = R,OG-C:.

oc 1033 Qog.f)

= (Total for question = 7 marks)

(Q12 9MA0/02, June 2019)



Q27.

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

(a) Given that 1 + cos 260 + sin 26 # 0 prove that

1 —cos 26 + sin 26 Y
——————— = tanf
1 + cos 26 + sin 26

| — LcesTe - sinu®e ]  25/n0 CosB

L 058 — Slute b 2 oiarln®

S0 koste — wWSTE t slate £ 25T CRE

1 [
sinTe ¢ Coste -{——c,a%q’s' —ewnTE — 2 50 (R E

Q/Srnv\l(Q— +— 'lS‘(v\B’ (,ose’

:)_oasq’p— 2 5:v\-9 Cose

Slne [ 16inE + 2 cose]

CoS® E 2 St 2 o5
Sind
o &
+oun & LWS = AHS ﬁl/\dbﬂf\.

(b) Hence solve, for 0 < x < 180°
0 ¢ e ¢ 1o
1 — cosdx + sindx :
——————— =3sin2x
1 + cosdx +sindx

giving your answers to one decimal place where appropriate.

‘Iz-mV\ J\)f_ = ZS\‘V\Q.')C

! {
Smat _ 2¢inam = O

(o521

G:AL”‘—[ c,_,l,;z-n- - %J =°

s:vxﬁm_ o CoS 2™ = ,_l_
3

ax =o '™ =Ca5"6‘/;3

=0 2 = 70'5" l%‘q-gc

r ‘4.(‘1: ° ! 9 J

“ o0 = 352 144-% Qf>

3
J_w\,-\.hu/\-;

(Total for question = 8 marks)

(Q10 9MA0/01, Oct 2021)



Q28.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that the equation

2tan (8 cosf + 23sin’ B) = 8sin26(1 + tan’ )
may be written as
sin26 (4 cos’> @+ Beosf + a)=0
where A, B and C are constants to be found.

= ) C b‘am’z’b—.s
At an & (chsef +21 sf.ﬁLg/B - g sitnre C L4

%L:VL—.G’ [ Closer 4+ 23 $lw7‘9'\

Cos &
I 5:\/\9' Cose + CEB 5\'\/\39 _ 'y S"V‘ 1o + S’Sx’n 26 tow to-
PR =
LoSE Co 5t
, T
& 5'n 19 40 Slne (ostr GCinle r 2 ' 26 Fgsinzo tonr &
Cose é&SL?

A
& 6,',,\ 29’[059— 23 oln0l EI"GDS e’_] o
IRR———— Y
Los Te Los &
? ot (55 + BomPSin'e
€s5inre Coser + 2.3 Sl —23 slnre Cosp = &Sinl
=
FSn26-C> 6

2 ]
Yo = %S (o5 &+ FSmTe —
gsinee Los & +—9—3$t'm'b9——2,3 o nr@loS & S nle Lo

i o - l' /X4 = O
9\3&'%’2,9’ (oo @ - & st (=56 1S 5'n

S:‘nl@’[lz Cos’e — R tusb ~L5’J -0



(b) Hence, solve for 360° <x < 540°

. ; ) ara
2tanx (8cosx + 23sin” x) = 8sin2x (1 + tan” x) xeR x#450°
I

Sin 2 =0

22 cos Tr - WS - (5 =
e = 360 (cos o —1) ([ 23Lso +15) =9
o = §40
oo 2¢ =1 Coo9t = _/,_E_
13
o YA Cas—lC') oc = 1307 + 360

o = 3bo =207

(Total for question = 7 marks)

(Q14 9MAO0/02, June 2023)



Q29.

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

Solutions relying entirely on calculator technology are not acceptable
(a) Prove that

1

A E
cosect —1

- = 2tanfsect
cosect + 1

6 #(90n)’, ne Z

LoSec ©& + | + CodSec® ~ )

g.'.,."o- reosle = |
Codec T- —

1 v
1 + ok & ocube‘

w

2 co sec B
L Codem 7

Vot e —\

9 CoSec &

oo

l
AL x —
S{n®

L b
CexT

Stn'e

a2 Sin

Sin"

Slne Cos™™
©L Sin O

Jhaihi i —
(CosT \ Lfab\

a tond Cec® L WS = RS S‘,\G\'JV\ .



(b) Hence solve, for 0 < x < 90°, the equation

o £ Xt L 1BV 1

1

= cot2xsec2x

cosec2x — 1

cosec2x + 1

Give each answer, in degrees, to one decimal place.

At 93¢ Sec 2 =

26 wain

Cod 2m

(250m2m)(Sin2x)( Los 22

A Gin LDJL

210

2
'L’DLV\.

‘l:'m—w 7%

Lac

Lic

—_— =

(o5 2

Cotrw Sec2

CoS2m \
F3
Lo L,

Slnm

= (-C,o S 'Lw)(,Cﬂﬁ’L-u;\ C,Cp% 240

= Cos "2
- L
2
= b
§=z
1
e () e ()
< 25964 ... ) lab 7356

) 224 ((ded

(7 ¢

(Total for question = 7 marks)

(Q08 9MA0/02, June 2024)



Q30.

In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(a) Show that

sin(x + 30°) + V3 cos(x + 30°) = 2cos x
Qv 2 Los30 530 B33 + 3 Losx Los3D ~ 3 Slaotsin30
—Sin 9t

EX e 06 Cosic - d3[12) o — ‘_? Sia

9 Codn LS = RHS

Shown .



(b) Hence solve, for 0 <6< 180°
sin(6 + 30°) + V3 cos(6 + 30°) = 3sin 26

giving your answers to one decimal place, where appropriate.
dse = LSindl
205t = (5latlos®

Lsinglese — 2C050 = O

16059’[35:MB — '] -t

Qlo5H =0 25in® -1 =D
o= [,osﬁl(a') 5,',\0‘ - I/—;
6= 70 o= SinT( 2

b 195 , lbo-

o

(Total for question = 7 marks)

(Q14 9MAO0/01, June 2025)



Q31.

Given that for all values of k, where ? < |kl

sin(nx) =k

has exactly 6 solutions in the interval 0 < x < 217

(i) deduce the value of n

nat =z Sin™' (1)

hewte 3 %D{‘A

[ soldiows

n =75

(ii) deduce the number of solutions of the equation

<L the equation

nelN

sin? (nx) = K

in the interval 0 < x < 517, justifying your answer.

= r a
0 ¢ &27 Sin not

Y4 l-(x‘ <A

AN

‘N

2K

Sin

I

Jc

(Total for question = 3 marks)

(Q13 9MA0/02, June 2025)



Q32.

n
(a) Express 2cos 6 — sin 0 in the form R cos (6 + a), where R>0and0<a< 2

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

plos (0+r) = Rlos® Cosk — A S'he oln =
Acusef - sll"b&
AlosSa = 2 A s.'nA =

|
- - ch’m—-l( _7:>

Jl —
L 2 O f—ét{, v o §

J5 (o5 (9 + 0-4b4)



H metres

A

SRERSESEL A, N o SEREREEY 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, H metres, of P above the water level is modelled by the equation

H =3 + 4 cos (0.5t) — 2 sin (0.5t)

where t is the time in seconds after the wheel starts rotating.

Using the model, find

(b) (i) the maximum height of P above the water level,

(ii) the value of t when this maximum height first occurs, giving your answer to one decimal place.
("I) H = 3 +2(2C05 0§t - §/,r\ 0-§7‘/3

H= 3+ 2J5 (oS [0St + 0. 444)

. ot LS (oSt towby) = 1
Howw = 31358 & .5 0 (d;)
() ke (o5 (oSt + o-¢bu) = |

t - 2 [ Cos™ (1) - 0-‘(’4@]



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.)

7o fid T Fhd bl H <O

I4

3+ 25 (o5 (oSt towby) <o

ty) < g

(o5 (0-St 0O~ #LY 2/5
o5t ¢ 0-664 & AT OBIST F+0EISC 3R - 0 FEST

Ll/;k“[,\}— \/w{MJ/S
£ - -0 ECC - o 4Ly ,\:M 3;’,0.93(5‘~0-ué4'
//\
U'S/ / CD'{ d DS
T = 3. su. . | 7.026 .. J 16-25D .- -

N N

23425 < 9.204

ML«—(—VL- L)&[/Jp o altey ,,LV.J a Shabe f@vv(ad’, [DI/“L/’)GM/%J é"z}:ﬁi\&;

T = 3-36 Setond S

(3 s-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.

ﬂ»& CUV‘S'Z’OWV{,’ 3 LJDWL/"/( V]'e,{/ol 44; L@ /7&1{4/&/( w:%
” %Mm[/#"bw on vrolw L= Uovvj Tle L\,e,p‘!?}/t/ jm wqﬁa/

(Total for question = 11 marks)

(Q15 9MA0/02, Oct 2021)



Q33.

(a) Express 2 cos 6 + 8 sin @ in the form R cos(6 - a) , where R and a are constants, <~ ° ¢ 0 <<

NN

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

A= Fan ("

X

B loSE (oSA + @ Slnesiu &

QloSE

A [0Sk =

(%]
(¥

€

2-

|+ 320 vedows

)

+ §6/ nl

ﬂ5l’M¢ = ¥

>
1S
5

2J17 Cos (o - l-Bzé»)

The first three terms of an arithmetic sequence are

Cosx

cosx + sinx

cosx + 2sinx XF=nmw

Given that Sg represents the sum of the first 9 terms of this sequence as x varies,

(b) (i) find the exact maximum value of Sy

(ii) deduce the smallest positive value of x at which this maximum value of Sg occurs.

S I./\Q'

—Vi [:1& +Q\—')=&]

4 -5 [ 20052 + ¥ Siux ]

4-5

1

e

;;> be Cosfe = 1320 =

9 - [- 326 = Cas™ LD

v = |-3%26

207 Cos (o -1.320)

Cos (% -1-226)

mon  Jali ?P (oS [—.z',—(- ZLL) =4

?

S’l

Mmaat

14172

_

(Total for question = 6 marks)

(Q08 9MA0/02, June 2023)



Q34.

(a) Solve, for —180° < 6 < 180°, the equation

5sin26=9tan 6
giving your answers, where necessary, to one decimal place.
[Solutions based entirely on graphical or numerical methods are not acceptable.]

£y 25inb CoSE = qﬂ

(oBE

r -
10 e Cos e - 5 n 0 = O

glne (16Co5T — 4 ) =©

Sintr~o Los & = 04

o = 150 Lose = Joa o5t = ~J o

B - -150 ﬁff/g,Lf" 5 5!61-Ga°
@5-165.4” o = I TAA

(b) Deduce the smallest positive solution to the equation

5 sin (2x — 50°) = 9 tan (x — 25°)
g = - A

x = 2L5-1¥¥
o = 66

—

(Total for question = 8 marks)

(Q06 9MAO0/01, June 2019)



Q35.

(a) Express 140 cos 6 - 480 sin 6 in the form Kcos(6 + a)

where K> 0and 0 <a <90°
State the value of K and give the value of q, in degrees, to 2 decimal places.

i
o los & oS A — |4 5n6 Sinok

1450 Loo € — 4go0clap

( -
J4 LoS4 = L0 JA Sin A = ¢ YO

& - tan ( e ) 5= [ 4s0™ +lg0™

A= 13 7% fr=500

//'—’—

—_—



A scientist studies the number of rabbits and the number of foxes in a wood for one year.
The number of rabbits, R, is modelled by the equation
R = A + 140 cos(30t)° — 480 sin(30t)°
where t months is the time after the start of the year and A is a constant.
Given that, during the year, the maximum number of rabbits in the wood is 1500

(b) (i) find a complete equation for this model.

(i) Hence write down the minimum number of rabbits in the wood during the year according to the

model.
) A = A+ 500 Coa(zmn 1%-74%)
A b oo (et + 73240 =
;Sop = A + 90O
A = Hooo
f
) R - looo + 140 Lo5 30t — %0 Sim 30T
i A, at Los (Bt +7%3-%) = -/
M
! A - DD —S00 = 5o vrekltS
- i

The actual number of rabbits in the wood is at its minimum value in the middle of April.

(c) Use this information to comment on the model for the number of rabbits.

Kb ot + 237¢ = cesT Lo

20t t %74 ©

t © 2542 montls
2.5¢2 X 25 = (2970 01075

| 292 JD:}S S halfwy m% fpol s Tle procel.
:S VOL:mlo'.L



The number of foxes, F, in the wood during the same year is modelled by the equation
F =100 + 70 sin(30¢ + 70)°
The number of foxes is at its minimum value after T months.

(d) Find, according to the models, the number of rabbits in the wood at time T months.

= ot 5/ ém‘r +'7c7> =~

M
X ot +70 = A0
_t b3 [a ¢ 47 Movdfkj

A = 1000 + (40 (o5 20(?13) - ¢s0 Sn 2o(*%)

at 7T A=z 10226 = (032X yabb'ts

(Total for question = 11 marks)

(Q12 9MAO0/01, June 2024)



Q36.

(a) Express sinx + 2 cosx in the form Rsin(x + a) where R and a are constants, R >0
T
and 0<a< ?

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

hSfarloS A+ A Slnalossl

5/rm9L F 2c¢coo3t
A Los5d ~ | /zssfm&cl
J—
ot (3) T
A= [5

g [ ]0T vedions

5 St (¢ + 1 107)



The temperature, 6 °C , inside a room on a given day is modelled by the equation

. wt ‘ it =
@=5+sin|==—3|+2cos|==—23 0<t<24

12 12
where t 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,

_ "t
8’35—-}-(5—“\/\(3&4- (-lo’).) LS % -3
] o S{V\ [+ I—l(77) = [
e-l/"\f'l-u. - 5 Ff_' LJ/S’ C

(c) find the time of day when the maximum temperature occurs, giving your answer to the nearest
minute.

S'n [ tl1p7) = |

~ t

/N —

— IB [D’)’B: _”l'

2 2 /

= 1 ( - l-lo7+—3>
= 2

t = 12,23 hovvs

©2%xbo = 1¢
: _ [3 . |4

ttw'& =
_

(Total for question = 7 marks)

(Q06 9MAO0/01, Oct 2020)



Q37.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that

cos3A = 4cos®A - 3cosA

CoS (LA +4)

(o5 s hlosh — Sln2f Sink
CUSA'(COS'LfC" Slfﬂq/k) - 4 SI‘VI LA’ la";[dc
[o$ A = Sln " Losk = 25" A Cosk
£053A - 3 SI'VI'LA 635/"

(o’ h 3 (Feos A o5k
[e5Ph + 3005 A — 3 (osh

?
4 (o5 h — 3Llosh LHS5 = RHES S fogun.

(b) Hence solve, for -90° < x < 180°, the equation

1 - cos3x = sin’x

| — Ser\’L:)C_ = (oS %
Cos®x = d4Co5%x — 2Co5 x
? B
O = g Cos e — Cos -3 (o5 2t

kg™
O — Cos 2 [LI-LUS W — oSt "'S]

LebnC =0 q_CoSLDC —Co52L -2 = 0O

o —cos” (&)

(Cosxe = 4 ) (grosn+73) =0

N = ’ﬁD'
. ¢ = 1 (oo = — =

o = q0° e bt~ < ¢
sz CosT (1) oe = cos™ 'Co5)
ez 0 oc =l 3¢

(Total for question = 8 marks)

(Q10 9MA0/02, Oct 2020)



Q38.

A curve C has parametric equations

x=3+2sint, y=4+ 2 cos 2t, ost<2m
(a) Show that all points on C satisfy y =6 — (x - 3)?
DC/—-}:$J'-A'{7 (oS 2% = Co57/‘f7 - g""‘m{’/
g los 2o = = su?y — S5t
(75'1)7’ sfn ™t Lo 2 = - 28lw™E
¢ g:c}-\—l—‘-{tsl“mm‘b’
L
_ _ oy f[x-3]
y= - ()
2z
:] = 6 — (xe-3) %l ousin.
(b) (i) Sketch the curve C.
xeR

(i) Explain briefly why C does not include all points of y = 6 — (x — 3)?,

\4"548- L
2

l(‘j(L —
ﬁ

EL) ((3(,4§

, <9 ¢ b

hewce 'FW ‘j’L’ (nc—ﬂl , i -6 MR does wot {aclade AL fm'.,\jrs



The line with equation x + y = k, where k is a constant, intersects C at two distinct points.

(c) State the range of values of k, writing your answer in set notation.

‘J = -3 + Ic
2L~ -5+
o= e
°C = L 25wt
d dt . L
:[_l,; - 2L CosrV ) __J.:L =~ o
ﬂ = 4 2 CoS 2t
_D’Q - =4 S22t
A€
by dy e
olac db Jac
) "’(['3:%’1,(7
In 2005 T

TSttt Cost

2t s b
i’ij - - L(-$|rvv'f7
ol

[ VRN «
i Ao
-l = -4 gt

Sint = 01§

X = 54—2—("'7-5')
ot = 3-S5
ﬂ: é" (.')C——"”)

tj:L, —_ LZ~§_—'L)L—_ §-75

S-1% = -32-5 +1c
e = A-29 [ Tamgerti ol Covve)

{\/\L 7é'<‘"7’15§

(Total for question = 10 marks)

(Q14 9MAO0/01, June 2018)



Q39.

Given that
_ 3sind T < 3
~ 2sinf + 2cosf TR
show that
ﬂ == ! - z < 0 < 3—”
df? 1+sin26 4 4

where A is a rational constant to be found.

U= 350 Uz 256 + 20050

L t

u = ’5(}359 \]l - 9_0059 _ Q-—SIV[,B'

"b\j 36059[ 28 1ne + 100$‘B*} - 15,0 Liggbﬁ - 25&9}
de- (astne + 2covor )™

[ 2

%j, - Lond o5 + beos & — 65neCos® + boiv &
DEQ/ hom o & FOIwbClost + U4 o5 Ty
d L (5" + Cos¥e)
OQ@ 4(%& Yo+ Cas‘bp/) ro ( 7 6l (o5)

dy L

A8 4 + 4 Snae

L %

A i + Swnee
Ly [+ 5
de Lot olnag oo U0

(Total for question = 5 marks)

(Q05 9MAO0/01, June 2018)



Q40.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The curve C has equation y = f(x) where xR

Given that

!
e f'(x)=2x2 cos x

o the curve has a stationary point with x coordinate a

e qaissmall

(a) use the small angle approximation for cos x to estimate the value of a to 3 decimal places.

{l‘(')(,)f. Lo + -g\CBS L

0c anuf 1 %]

I

X
1
N
+
~N
<)
xR
I\
s
o
)

The point P(0, 3) lieson C

(b) Find the equation of the tangent to the curve at P, giving your answer in the form y = mx + ¢, where m
and c are constants to be found.

MT:—(|60) = alo) + "L_ﬁbS(/‘ﬂ :—lz

Y - 3 = %-Gc,——o>
Y= Lo +2

(Total for question = 5 marks)

(Q04 9MA0/01, June 2023)



