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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 —cosdf
260sin 360

3)




Question T5_Q2

3.

A
rem
O ‘
rem
B
Figure 1

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

The angle AUB is 8 radians.
The area of the sector AOB 1s 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




Question T5 Q3
8. The depth of water, IJ metres, in a harbour on a particular day is modelled by the formula
D=35+2sin(300)° 0<t<24
where 7 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.)

)




Question T5 Q4

7. (1) Solve, for 0 < x < g, the equation
4sinx = secx
(4)
(1) Solve, for 0 < 8 < 360°, the equation
5sinf — Scos =2

giving your answers to one decimal place.

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




Question T5_Q5

12. (a) Prove that

. 2n+1
1 —cos28=tanfsin28, 8 =# Q, ned
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)




Question T5_Q6

2.

™ RN jdl
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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

cosx—2x—l=0
2

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

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

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

(3)




Question 2 continued

Diagram 1
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Question T5_Q7
6. (a) Solve, for —180° < 8 < 180°, the equation
S5sin26=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)




Question T5_Q8
3.

Scm

0]

Figure 1

Figure 1 shows a sector AQB 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 5;’26’
_ L stk
== 2 x X

= 500 cm?

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

(b) Write out a correct solution.

(2)




Question T5 Q9

4.

VA
C2
Cl
0 Y
S
Figure 2

The curve C, with parametric equations
x=10cost, yp= 4\/§sint, 0<r<2n
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)




Question T5_ Q10
12. (a) Prove

cos 36 sin 34
+

ind sl - 2cot20 0+ 00", nei
“4)
(b) Hence solve, for 90° < 8 < 180°, the equation
cos 364 - sin36
siné cosf
giving any solutions to one decimal place.
(3)




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, 8°C, inside a room on a given day is modelled by the equation
6=5-+sin| =3 | + Zcos| =3 0L fe 24
= —s —o | & —
sin| 15 cos| 75 <<
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,
(M
(c) find the time of day when the maximum temperature occurs, giving your answer to
the nearest minute,
3)




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

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




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
cos34=4cos’ 4 —3cos4
(4)
(b) Hence solve, for —90° < x < 180°, the equation

1 —cos3x =sin"x

4




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 | + cos2@+ sin28 # 0 prove that

1 —cos28 + sin20

- = tan{
1 + cos28 + sin 26
(C))
(b) Hence solve, for (0 < x < 180°
1 —cosdx + S?n4x — 3sin2x
1+ cosdx +sindx
giving your answers to one decimal place where appropriate.

C))




Question T5_ Q15

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

4 sin g +3cos’@=a+bl+cl”

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

3




Question T5 Q16

6.

Figure 1

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

In the design

*» (AR is a sector of a circle centre O and radius »

+ sector OFFE is congruent to sector OAB

» (ODC is a sector of a circle centre O and radius 27
e 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
l ¥ (30 + )
2
(2)
(¢) Find the perimeter of the logo, giving your answer in simplest form in terms of
7, & and m.
(2)




Question T5 Q17

15. (a) Express 2cosf —siné in the form Rcos(f+ a), where R>0and 0 <a < %

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

(3)
H metres
————————————————— 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, /I metres, of P above the water level is modelled by the equation
H=3+4co0s(0.5r) — 2sin(0.5¢)
where 7 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 7 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 7 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)




Mark Scheme
Question T5_Q1

Question Scheme Marks AOs

1 2
44 -
Attempts either sin36 ~34 or cosdf~1— ( 2) in 1292?2 ;‘:g Ml L.1b

(46’)2J

1-[1-
_ (40 2
Attempts both sin3& ~ 36 and cos46 ~1— -

M1l 2.1
2 26 %36
and attempts to simplify
4
= 3 oe Al 1.1b
(€))
(3 marks)

2
MI1: Attempts either sin3¢ ~ 3@ or cos46 = 1—% in the given expression.

See below for description of marking of cos46

2
. 40
M1: Attempts to substitute both sin36 ~ 36 and cos4f~1— ( )

)

28 %30

- and attempts to simplify.

g
Condone missing bracket on the 46 so cos48 ~ 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 k& following a slip

Al: Uses both identitics and simplifics to — or exact equivalent with no incorrect lines BUT allow

3
40*

recovery on missing bracket forcos 46 ~1———.

Eg W—@—g 1s M1 M1 AO

Condone awrt 1.33.
. 1-cos46 1—(1—25i1“2 2‘9) _ 2sin’26 2x(26Y 4
T 20sin30  20sin30  20sin30  20x30 3
M1 For an attempt at sin38 ~ 38 or the identity cos48 =1-2sin” 26 with sin28 ~ 268
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=433 Al 1.1b
[4]
(4 marks)
Notes:
B1: States or uses %i’zé’ =11  This may be implied with an embedded found value for ¢
B1: States oruses 27+ 70 =4r0 or equivalent
M1: Full method to find # =... This involves combining the equations to eliminate & 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 <& <27 FYI € = 3 radians

Allow this to be scored from equations such as ...7*@ =11 and ones that simplify to ..r =...r0 **

1
Allow their 27+ 78 = 4r8 = & = .. then substitute this into their 3 rro=11

1
Allow their 27+ #@ = 478 = rf = .. then substitute this into their 5 =11

Allow their %rzﬁ =ll=68= —2 then substitute into their 27+ 7@ =410 = r=..
r

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

The whole question can be attempted using & in degrees.
B1: States oruses —x77° =11

360

8 &
B1: States or uses 2r+%x2m’ —4x%x2mﬂ




Question T5_ Q3

Question Scheme Marks AOs
8 (a) D =5+25in(30x6.5)° =awrt 4.48m with units Bl 3.4
(1)
(b) _ _ M1 1.1b
3.8= 5+251n(301‘)° = sin (301‘)0 =-0.6
Al 1.1b
t=10.77 dM1 3.1a
10:46 a.m. or 10:47 a.m. Al 3.2a
@
(5 marks)
Notes:
(2)

B1: Scored for using the model ie. substituting # =6.5into D =5+2 Sin(30t) © and stating

D = awrt 4.48m . The units must be seen somewhere in (a) . So allow when D =4.482..=4.5m
Allow the mark for a correct answer without any working.

(b)

M1: For using /) =3.8 and proceeding to Sin(301)° =k, |k| <1

Al: sin (30t)° =—0.6 This may be implied by any correct answer for 7such as £ =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 t=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(3()t)° =06=30r=323.1=¢r=awrt10.8

For the incorrect sin{30¢)° = +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 t 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) Ssinf—5Scosf=2, 0<0<360°
(i) _
Way 1 For secx — Bl 1.2
{4sinx=secx:>} 4sinxcosx =1= Zsin2x=l:>sin2x=% M1 3.1a
1 (1 1 . (1 T Sz dM1 1.1b
Xx=—arcsin| — | or —| A—arcsin| — | | = x=—, —
2 2 2 2 12712 Al 1.1b
4
() _
Way 2 For secx= p— Bl 1.2
f4sinx=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—16c0s” x+1=0 e
sin® x or cos” x= 162107 {— 2443 or 0.933..., 0.066...}
32 4
. f2+\/§ ’2¢J§ % 5z dM1 [ 11b
X = aresin Or X = arccos = x=—, —
4 4 1212 Al 1.1b
€]
(ii) Complete strategy, i.e.
» Expresses 5sinf—5¢0s6/ =2 in the form Rsin(f—o)=2,
finds both R and «, and proceeds to sin(6 —ex) =1k, k| <1, k=0
o Applies (5sin@—5cosf)’ =2°, followed by applying both il 12
cos’@+sin’ @=1 and sin26=2sinFcos @ to proceed to
sin28 =k, k| <1, k=0
(5sin@—5cos8) =2" =
R=+50 . ) .
tang =1 = g =45° 25sin” @+ 25¢cos” @—-50sinFcosf =4 M1 1.1b
= 25-25s1n260=4
: 2 21
sin(@—45") = — in2f=— :
( ) 750 sin - Al 1.1b
dependent on the first M mark
. 2
c.g. & =arcsin| —— |+ 45° cg 0= 1 arcsin 2 Ml =10
J50 > 25
# = awrt 61.4°, awrt 208.6° Al 2.1
Note: Working in radians does not affect any of the first 4 marks
3
(9 marks)




Question Scheme Marks | AOs

T (i) Ssin@—Scosf=2, 0<0<360°
(ii) Complete strategy, 1.c.
Alt1 e Attempts to apply (5sin@)’ = (2+5cos @Y or
(5sin@—2¥ = (5cos&)* followed by applying cos’ B+sin’*f=1 M1 3.1a

and solving a quadratic equation in either sinf or cosd to give

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

e.g 25sin’ &= 4+20c0s @ +25c0s" 0
= 25(1—cos” @)= 4+ 20cos @+ 25c0s” 0

" , = M1 1.1b
ore.g 25sin” @—-20sin@+4 =25c0os" &
= 25sin’ @ —20sin @+ 4 = 25(1—sin’ &)
50cos’ @+ 20c0s@—21=0 50sin’ @ —20sin@—21=0
- +\/ +\/
0059:%, 0.¢. sh@z%, i Al 1.1b

dependent on the first M mark

eg 6= arccos[ﬂ} €g. 6 :arcsin[ermJ dM1 L.1b
10 10
0 =awrt 61.4°, awrt 208.6° Al 2.1
)]
Notes for Question 7
()
B1: For recalling that secx=

COS X

M1: Correct strategy of
e Way 1: applying sin2x=2sinxcosx and proceeding to sin2x=k, |k <1, £#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
: : Vi SNF : T
Al: Clear reasoning to achieve both x = 5T and no other values in the range 0 < x < 5
: : 1 T Sxm
Note: Give dM1 for sin2x = 5 => any of 5 15 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 356 —5¢0s6 =2 in the form Reos(0+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 (5sinf—5cos @) =27, uses cos” @+sin” #=1 and proceeds to find an
equation of the form TA T usin28 =% fF or £ usm20==1f; u#0
o attempts to apply (Ssin&)’ = (2+5c0s8Y or (5sin@—2)" = (Scos 7Y and
uses €08 0+sin’ =1 to form an equation in cos@ only or sin& only
. 2 2 . 21
Al: For sin(@ —45%)=—=—, o.c., cos(@+45°)=———=—, o.c. or sin2@=—, o
( ) NG ( ) 7% >
or cosd= %?T '4600, o.€. or cos @=awrt 0.48, awrt — 0.88
or sin# = ZOiIT “3600, o.c., or sSinf =awit 0.88, awrt —0.48
Note: sin(f — 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: | dMI can also be given for & =180°— arcsin 2 +45° or H= 1 180° —arcsin 21
V50 2 25
Al: Clear reasoning to achieve both 0 =awrt 61.4°, awrt 208.6° and no other values in
the range 0 <& < 360°
Note: | Give MOMOAOMOAO for writing down any of & = awit 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 @+ 25 = 4sec” @ = 25tan® @ —50tan @+ 25 = 4(1+ tan” @)

5044736  25+2J46
2 2

= 21tan” # —50tan &+ 21 =0 = tanO —

= @ =awrt 61.4°, awrt 208.6° only
o S5sinf—5cos@=2 = 5—5cot@ = 2eosecd = (5—5cot @) = (2coscch)
= 25—-50cot @+ 25¢cot” @ = dcosec’@ = 25— 50cot @+ 25¢cot” £ = 4(1 + cot* &)

5044736 25+246
42 21

=1.8364..., 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—005295tan05m29,9#w,n62
W(:; | | tnosin20 —(zz:g]@smﬂcos@) M1 1.1b
sin@ M1 1.1b
= 2sin@gesB) = 2sin® G=1-cos20 *
[M}( sin ) sin cos RT 71
3
(a) B s T e B e T
Way 2 1—cos28 =1—(1-2sin” )=2sin" O M1 1.1b
[Smaj(lsiné’cosﬂ)tané’sin%? o MI LIb
cos @ Al* 2.1
3
5 . /e T
(sec” x—5)1—cos 2x)=3tan" xsin2x, = o <x<5
(sec” x —5)tan xsin 2x =3tan” xsin 2x
(b) 2 ' &
Way 1 or (sec” x—5X1—cos 2x) =3tan x(1 —cos 2.x)
Deduces x=0 B1 2.2a
Uses sec” x=1+tan® x and cancels/factorises out tanx or (1—cos2x)
g (I+tan’ x—3tanx—5)tanx=0
eg (+2 % anx—3)tanx M1 21
or (1+tan” x—3tanx—5)1—cos2x)=0
or 14 tan® x—5=3tanx
tan” x—3tanx -4 =0 Al 1.1b
(tanx—Htanx+D)=0=tanx=... M1 1.1b
__T s Al 1.1b
Ty Al 1.1b
(6)
(9 marks)
Notes for Question 12
(a) Way 1
: sind ) ) )
M1: Applics tanf = and sin 26 = 2sin fcos§ to tanHsin 28
cos
Mi: Cancels as scheme (may be implied) and attempts to use c0s26=1—-2sin’ 6
Al*: For a correct proof showing all steps of the arpument
()
Way 2
M1: For using cos 20 =1-2sin* @
Note: | [fthe form cos 28 =cos’* #—sin’*# or cos26=2cos’ 01 is used, the mark cannot be awarded
until ¢0s” & has been replaced by 1- sin* @
Mi1: Attempts to write their 2sin* @ in terms of tan@ and sin 20 using tan &= sin0 and
cos
sin 26 = 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; e.g. they show LHS = 2sin” @ and RHS = 2sin’ & ; then some
indication must be given that the proof is complete. E.g. 1—cos26=tanfsin26, 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= —3,1.326 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 _ _ smnx P P
sec” ¥ —3=3tanx = cos? x 3= 3{ cos x} (as shown) of using the
s . identities for sin 2x and
1-5cos” x=3smxcos x cos2x to proceed as far as M1 21
15[1+C;)52x]:§sin2x +A+Becos2x=+Csm2x
35 3. 3 5 3
————cos2x=—smn2x _z_= = qi
5 2 > cos2x sin 2x Al 1.1b
{3sm2x+5cos2x=-3} 0.e.
Expresses their answer i the
JBdsin(2x+1.03) = -3 form Rsin(2x+a)=k; k=0 M1 1.1b
with values for R and &«
. 3
sin(Zx+1.03)= ——
( ) N
T Al 1.1b
=-——,1.326
Ty Al 1.1b




Question T5_Q6

Quesiion Scheme Marks AQDs
Xa)
Z comtlmued! ,
F=Ar¥T
2 e 5 e 0 B it S W e El
™ A LN il 31z
gz v 1
For anallowable linear graph and explaimng that there 15 only one B 24
itrtersection '
(2)
(h) 1 P 1
e SR E ) (ARG et 1 11tk
wsx—Ix=< = TR
Solves their x* +4x—1=10 1 11k
Allow awrt 0236 but accept —2 + 5 Al 1.1b
(3)
(5 marks)

(a)
Bl:Draws y= 2x+ % onFignte | or Diagram 1 with an attempt at the correct gradient and the correct

ittercept. Look for a straight line with an intercept at = % atid a further point at g[l 1'_] Allowr a tolerance of
2771

025 of a sgpare in either directon on these tro points. It must appear in quadrarts 1, 2 and 5.
Bl: There must be an allowable linear graph onFigiwe 1 or Diagram] for thisto be awarded
Explains that asthere is only one intersection sothere is just one root.
This reguites a reason and a minimal concluson
The guestion agks candidates to explain bt as a bare minimum allow ofe "itersecton’

1
Mete: Anallowable inesr graph is one with intercept of iE with one irtersection with cosx OR gradiest of

12 with one intersection with cosx
(b)
1

M1: Attempts to use the small angle approximation cosr=1 —%iﬂ the given equation,

The equation must be i a singde variable but may be recovered later i the queshion.
dM1: Proceeds to 2 3T0) in a single variable and attempts to salve. See General Principles

The previous M must have been scored. Allow completion of square or formula or caleulator. Do not

allowr attempts via factorisation wiless their equation does factorizse. Voumay have to use yowr caloulater

to check if a calculator is used.

Al: Allow =2 ++f5 orawrt 0236,

Do not allow this where there is another root given annd it is ot obwvious that 0. 258 hasbeen chosen.




Question T5_Q7

Question Scheme Marks AOs
6(a . ] in &
® 5s1n26’=9tan9:>10s1nt900st9=9><Smg
cos M1 3.1a
Acos*8=B or Csin"f@=D or Pcos’ @sinf =Qsin@
For a correct simplified equation in one trigonometric function
Al 1.1b
Eg 10cos’8=9 10sin*@=1 oe
Correct order of operations For example
i 9 dvi 2.1
29— — + —_
10cos" 0 =9=6 arcos(_) T
Any one of the four values awrt #==x18.4°,£161.6° Al 1.1b
All four values & =awrt £18.4°,+161.6° Al 1.1b
6 =0°+180° B1 1.1b
(©)
(b) Attempts to solve x—25°=-18.4° M1 1.1b
x=6.6° Alft 2.2a
@
(8 marks)
(a)
M1: Scored for the whole strategy of attempting to form an equation in one function of the formn given in the
s : siné
scheme. For this to be awarded there must be an altempt at using sin 268 =...sinGcos, tanf = cos0 and

possibly +1+sin’ & =+cos’ & to form an equation in one "function” usually sin® & or cos® &
Allow for this mark cquations of the form P cos’ @sin@=0sind oc

iné
Al: Uses the correct identities sin2& =2sin&cos& and tanf = 2229

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 gin & 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 inveos). It is dependent upon the previous M.
. . tcos26=+1
Note that some candidates will use cos’ & = — 5 and the same rules apply.

Look for correct order 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°
Bl: #=0°+180° This can be scored independent of method.
(b)
M1: Attempts to solve x—25° =" 6" where @ is a solution of their part (a)

Alft: For awrt x = 6.6°but you may ft on their #425°where 25 <6 <0
If multiple answers are given, the correct value for their & must be chosen




Question T5_Q8

Question Scheme Marks | AOs
3(a) Allow explanations such as
e student should have worked in radians
¢ they did not convert degrees to radians
¢ 40 should be in radians
e & should be in radians
e angle (or &) should be it or 20 Bl 2.3
180 9
e correct formula is 7 7? [%J {where € is in degrees}
e correct formula is 77° 0
360
)
(b) T N
Way 1 {Area of sector = } 2 (55 5 Ml 1.1b
25 2 2
= 37[ {fom”} or awrt 8.73{cm"} Al 1.1b
2)
(b) Area of sector = (5 40 M1 L.1b
Way 2 { } ( ) 360 d
25 5 5t
= ?ﬂ' {em”} or awrt8.73{cm"} Al 1.1b
@)
(3 marks)
Notes for Question 3
(a)
B1: Explains that the formula use is only valid when angle AOB is applied in radians.
See scheme for examples of suitable explanations.
(b) Way 1
Mil: Correct application of the sector formula using a correct value for 0 in radians
Note: Allow exact equivalents for 0 e.g. 8= % or & 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 %7[ or awrt 8.73 Note: Ignore the units.
; 50
Note: Allow exact equivalents such as —x
18
Note: Allow M1 Al for 500(%} = %5 7 {cm’} or awrt8.73{cm’}




Question T5_Q9

Question Scheme Marks | AOs
4 C,: x=10c0s?, y=4s/5sint, 0<r<2m; Cz:x2+y2=66
Wayv 1 (10cos ) +(4\/§sin £y =66 M1 3.1a
-2 ) 2 N M1 2.1
100(1 —sin” #)+32sin" t =66 100cos” £ +32(1—cos” 1) =66
Al 1.1b
< : 1 1
100 —68sin” # = 66 t== i = P
sin —=>sin > 68cos” f+32=66 —>cos’ ¢t > IM1 L1b
= 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 y-coordinate.
Note: These may not be in the correct quadrant
S=(5s/§,—4) or x=5'\/5,y=—4 or §=(awrt 7.07, —4) Al 3.2a
©
2 2
2 3 X Y B 2 2
Way 2 {cos“t+sint=1=} (10] +(_4\/5J =1 {= 32x" +100y" =3200} M] 31a
2 2 2 2 M1 21
L+66x:1 66y+L:1
100 32 100 32 Al 1.1b
32x% +6600 —100x" =3200 21123237 +1003* =3200
o 3 i dM1 | L1b
bl = s ¥y =106=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 m the correct quadrant
S=(V2.—4or x=52, y=—4 or S=(awrt 7.07, - 4) Al 3.2a
©
Way 3 {C,:x* +3" =66 =} x=+66cosa, y=s/%sina
{C =C, =} 10cost =66 cosr, d~f2sint =66 sin K 45
Jda
2 5 -
fcos’ a+sin” a=1=} 1005 + 4y2sini =1
J66 J66
then continue with applying the mark scheme for Way 1
Way 4 (10cos£)’ + (44[2sin ) =66 M1 3.1a
= M1 2.1
100(1+ cosZt}r}z(l cos2t] 66
2 2 Al 1.1b
50+ 50cos 2t +16—16c08 2t =66 = 34cos 2+ 66 =060
dM1 1.1b
= cos2t=..
Substitutes their solution back inte 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=(5«,/§,—4) or x=5s/5,y=—4 or S=(awrt 7.07, —4) Al 3.2a
6
Note: Give final A0 for writing x= 5\5 , y=—4
followed by S =(—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.
M1: Uses the identity sin® ¢ + cos® £ =1 to achieve an equation in sin’ ¢ only or cos” ¢ only
Al: A correct equation in sin’¢ only or cos’¢ only
dM1: dependent on both the previous M marks
Rearranges to make sint =... where —1 <sint <lor cosf=... where—1 < cost <1
Note: | Condone 3 Ml for sin® ¢ :% —»sint= %
M1: See scheme
Al: Selects the correct coordinates for §
Allow cither S =32, —4) or S =(awrt 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’ 1 =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
trigconometry
Al: A correct equation in x only or ¥ only not involving trigonometry
dM1: dependent on both the previous M marks
Rearranges to make x=_.. or y=...
Note: their x* or their y* mustbe >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 & =(5\/E, -4y or S=(awrt 7.07, —4) or S= (\/%, -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® & + sin® & =1 to give an equation in one variable
(i.e. t) 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. #) only.
M1: Uses the identities cos2f=2cos’¢—1 and cos2t =1 2sin” ¢ to achieve an equation in cos 2 only
Note: At least one of cos2t=2cos”t—1 or cos2t=1-2sin" # 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 cos2¢=...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]

5




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’ +(44/2sint)” =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
= tanr=...
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 5
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 achicve 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

Question Scheme Marks | AOs
12 c0936 S0 _ 5 i
s & cos &
(a) SLHS =3 cos 36c0-s9+sm349sme9 Ml 314
Way 1 sin 8cos &
_ cc?s(36’ft9) _ .cos 28 Al 21
sinfcosd sin #cos &
_ co.s 268 Yot 20 * dM1 1.1b
Lsin 26 Al * 2.1
@
WS:) 5 (LHS =} COs 290056Tfs1n 20sm & N sin268c¢os @ + cos 26sin &
¥ sin@ cos 0
cos 20 cos” @ —sin 2&sin O cos & + sin 26 cos Osin &+ cos 2Fsin 0
= - Ml 3.1a
s fcos f
24 2@+sin’ @ 26
_ cos (fzos +sin” &) _ .cos Al 21
sindcos & simnfcos &
_ 00.526’ _ 9eot20 * dM1 1.1b
1sin 260 Al¥ 2.1
@
(a) (RUS— } 2¢0526 2c0s(360 —60)  2(cos3Fcos O +sin3dsin ) Mil 3.1a
Way 3 sin 20 3in 20 sin 20 Al 2.1
_ 2(c033900-s6+sm36?s1n9) IM1 L1b
2simn Gcos &
_ cc.nsBH + sin 36 i Al * 21
s & cos &
(C)]
() cosdd 130 _ 4ol 2eot29-4 =2 |4 Ml | Llb
Way 1 sin€  cos@ tan 26
Rearranges to give tan 20 =, k= 0 and applies arctank dM1 1.1b
{90“’ < 6 <1807, tanZB:% :>}
Only one solution of ¢=103.3° (1 dp) or awrt 103.3° Al 2.2a
3
(b) S P G R M1 1.1b
Way 2 sinéd cosf tan 26
24— 2(-un’0)—Stno
[ 2tan & J
1—tan* @
dM1 1.1b
74i\/ 4P — A1
= tan’ @+ 4tanf—1=0 > tanf = ) i)
2(1)
{—tanl =215 }> tanf=k; k=0 = applies arctank
£90° < @ <180°, tan 1 =—2—+f5 =3
Only one solution of ¢=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 8
i.e. correct process of (.)cosO+ .(...)sm ¢
cosfAsind
Al: Proceeds to show that the numerator of their resulting fraction simplifies to cos(36— &) or cos26
dM1: dependent on the previous M mark
Applies a correct sin 26 = 2sin #cos & to the common denominator sin &cosé
Al* Correct proof
Note: Writing C(?S 30  sm36 C(?S 36cos 6 + s1.n 36sin6 is considered a correct valid method
sm@  cosd smadcosd sin & cos &
of forming a common denominator of sin&cos & for the 1% M1 mark
Note: Give 1% MO c.g. for cc.'s 30 N sin 360 _ cos.46’+ sin 44
sinf  cosd sincos &
but allow 1% M1 for C(?S 30 , sm 360 _ cos 3900-5 0+ sin38sn o _ cos-4t9 +sin 48
sin & CcOos 7 sin @cos & sin & cos
: 2 =2
Note: Give 14 MO e.g. for CO.S 36 N sin 36 _cos .39+sm 36
sinf  cosf sinfcos @
but allow 1% M1 for cc?s 34 N sin 36 _ cos 39(:0-3 £+ sin36sin & _ cos2-36'+ sin” 30
smnf  cos@ sin Acos & sin A 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 & + sin30sin &
Al: Shows, as part of their proof, that cos 26 = cos3@cos & +sin 30sin &
dM1: dependent on the previous M mark
Applies sin20 = 2sin@cos & to their denominator
Al*: Correct proof
20(cos” 6 +sin” 0
Note: Allow 1M1 1** Al (together) for any of LHS — .cos—2e9 or LHS - > (?OS Fsin”0)
sinf#cos @ sin & cos &
1+tan @
or LHS — cos26(cot& +tanf) or LHS —cos 28| —————
tan &
(1.e. where cos26 has been factorised out)
Note: Allow 1 M1 1# A1 for progressing as far as LHS =... =cotx—tanx
Note: The following is a correct alternative solution
cos36 N sin30  cos30cos @ +sin36sind  5(cos 40+ cos 20) — 3 (cos 40 —cos 260)
sinf?  cos@ sin@cos @ sin@cos @
28 28
=2 2P geot26
sinfcos@  Lsin2d
. cos 26 cos® 6 —sin 20sin Ocos 8 + sin 20cos Osin @ + cos 26sin *6 cos 26
Note: E.g. going from to

sindcos H 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 tan20 =k, k= 0, and applies arctank
Al: Uses 90° < @ <180° to deduce the only solution & =awrt 103.3°
Note: Give MOMOAQ for writing, for example, tan 26 = 2 with no evidence of applying cot 20 = %

tan
Note: 1** M1 can be implied by sceing tan 26 7%
Note: Condone 2" M1 for applying arctan [%J {=13.28...}
(h) 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 &
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 A0 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 AOQOs
6 (2) B=45 B1 1.1b
taner=2= ap=s- M1 1.1b
a=1.107 Al 1.1b

3

9=5+\/§sin(%+1.107—3]

(b) (5 + \/5) °C  orawrt 7.24°C B1ft 2.2a

)
© 2 or1107-3=Z = Mi 3.1b

12 2

f=awrt13.2 Al L.1b
Either 13:14 or 1:14 pm or 13 hours 14 minutes after midnight. Al 3.2a

&)

(7 marks)
Notes:

@

B1: R=\5 only.

M1: Proceeds to a value of « from tan o = +2,tan o = il,sin(x — iiOR COSct — iL
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+ ‘E) °C or awrt 7.24°C Remember to isw

Condone a lack of units. Follow through on their value of R so allow (5+"Rr")*C

(©)
M1: An complete strategy to find f from ﬂ_ti 1.107-3="
12 2

Follow through on their 1.107 but the angle must be in radians.
It 1s possible via degrees but only using 15+ +63.4-171.9 =90

Al: awrt (=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 (¢) via differentiation but it is unlikely to yield correct results.

dé = Tt 2 . (wt Tt 1
E—ECOS(E—BJ—Esm[E—B]—ODtan(E—BJ—EDI—IB.ZB—IB.M scores M1 Al Al

dée it . mt ot 1
o s [5—3]—2sm(ﬁ—3] =0= tan[ﬁ—f}j —E: t=13.23=13:14 they can score M1 A0 Al (SC)

A value of £=1.23 implies the minimum value has been found and therefore incorrect method M0O.




Question T5 Q12

Question Scheme Marks AOs
12 (a) States or uses cosec ) = B1 1.2
sin @
) 1 ) 1-sin* 4
cosec—sind=——-sinf = ?m M1 2.1
sin&/ sin &
2
cos” @ cos &
=— =Cos @ x——=cosBcot & * Al* 2.1
sin & sin @
(&)
(b) COSEC X —8in x = CoS xcot(3x—50°)
= cos xcol x=cosx cot(3x - 50°)
cotxzcot(3x—50°):>x=3x—50° M1 3.1a
x=25° Al 1.1b
Also cotx=cot(3x—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 &'s here

1 . -
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* ¢ 1 1 in’ &
E.g. cosecl—sinf =———smfd=——— Allow if written separately —— —sin@ = —— — s1.n
sind sin sinf sinf sin#

Condone missing variables for this M mark

Al*: 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-50°.
You may see solutions where cot A—cotB=0=cot(4—-B)=0or tand—tanB=0=tan(4—-B)=0.
As long as they don't state cot. A —cot B =cot(4 —B)or tan 4 —tan B = tan(A — B) this is acceptable

Al: x=25°

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—350°has 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 (Bx— 50°) = x=25°115°

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




Alt 1- Right hand side to left hand side

Question Scheme Marks AOs
12 (a) States or uses cofi a Bl 1.2
sin @
2 = 2
cos @ 1-sin“@
cos@cotld =— =— M1 2.1
sin & sin &
=———sin#=coscc & —sin & g Al* 2.1
sin &
3
Alt 2- Works on both sides
Question Scheme Marks AQOs
12 (a) States or uses cotg — 28 o Of cosec@ = B1 1.2
sin & sin &
. 1-sin’ @ o
LHS =— g—smé': émg = CC_'S 5
sin 2S;n sin M1 21
RHS =cosOcot 8= CO_S
sin#
States a conclusion E.g.
"HENCE TRUE",
Al* 2.1
”QED"
or cosec@—sinf/=cosfcotd o.e. (condone = for =)
3
Alt (b)
Question Scheme Marks AQs
cos(3x—50°
cotx=c0t(3x—50°)36_osx= - ( )
sinx s1n(3x - 50°)
sin(3x—50°)Cosx—cos(3x—50°)Sinx=O M1 3.1a
sin((3x— 50°)— x) =0
2x-50°=0
x=125 Al 1.1b
Also 2x—-50°=180° M1 2.1
x=115° Al 1.1b
Deduces cosx =0 = x =90° Bl 2.2a
3




Question T5 Q13

Question Scheme Marks AQs
10/(a) cos 34 =cos (24 + A) = cos 24cos A —sin 24sin 4 M1 3.1a
=(20032A—l)cosA—(2sinAcosA)sinA dM1 L.1b
=(2COS2A—I)COSA—ZCOSA(I—COSZ A) ddM1 2.1




=4cos’ A—3cosAd* Al* 1.1b
()
(b) 1—cos3x =sin"x = cos“x+3cosx—4dcos’x=0 Ml 1.1b
= cosx(4oos2 x—cosx—S) =0
= cosx(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
(6]
(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
cos 24 =2 cos” A1 —1 must be used. If either of the other two versions are used expect to see an attempt to
replace sin’4 by 1 cos4 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 etc.

Alternative right to left is possible:

d4cos’ A—3cos A= cosA(4cosZA 73) = cosA(2cos2 A-1+ Z(Ifsin2 A) 72) = cosA(cos 24— 2sin” A)
=cos 4 cos 24— 2sin dcos Asin A =cos Acos 24 —sin 24sin 4 = cos(2A+ A)=cos 34

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

dM1: For cosA(Z cos® A —1+2(1— sin’ A)— 2) (Replaces 4cos® A—1by 2cos” A—1 and Z(I—Sin2 A))
ddMI: Reaches cos A cos24—sin2A4sin A

Al: cos(24+ A)=cos3A4
(b)

M1: For an attempt to produce 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
= = 2(4cossx—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 AQs
10(a) 1—cos 28 +sin 28 1—(1—25in2 6’)+25in90056’
14+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+(200s29—1)+2sin6’cos9
1—cos2@+sin26 1—(1—2sin2 6’)+ 2sinfcos @
1+cos28+sin28 1+(200529—1)+2sin900s6 = 1.1b
_ 2sin’* @+ 2sinfcos @  2sinf(sind + cos o) VKL 55
_2c0s29+23in90039_200s6‘(cos€+sin€) )
= Sing:tan@* Al* 1.1b
cos &
@
(b) 17C084x+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 1L 1b
= (sin2x=0,) cos2x%
x=90°, awrt 35.3° awrt 144.7° &l 1 LB
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 9)+2sin6?cos€ 2¢in O+ 2sin & cos O
: or
1+(200s29—1)+2sin90059 2cos® @+ 2sin @ cos &

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

Al*: Fully correct proof with no errors.
25in0 (sin@+<050)  ing 2sind
You must see an intermediate line of - or e
2COSHW cosd 2cos 0

Withhold this mark if you see, within the body of the proof,
e notational errors. E.g. ¢0s20 =1 — 2sin® or cos&” for cos?d
¢ mixed variables. E.g. cos26 = 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 =%0r 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.e. tan 2x = 3sin 2x followed by all three correct answers score 1100 .




Question T5 Q15

Question Scheme Marks | AOs
4 Examples:
2 2
4sin2w 4 , 3cos’@=3 1—9—
2 2 2
300529:3(lfsin29)z3(176’2) M1 l.1a
28+1 2
300526:3M~3(146 Jrl]
2
Examples:
2 2
4sing+3coszé’m4 2 +3 1_9_
2 2 2
4Sing+300520:4[gj+3(1_sin2 9): 29+3(1_92) dM1 1.1b
2 2
.6 > . 6 _(cos20+1) (9] 3( 40° J
4sin—+3cos A =4sin—+3— = 4| — |4+—| 1— 1
2 2 2 2 2
=20+3(1-6%+..)=3+20-30 Al | 21
€))
(3 marks)
Notes

M1: Attempts to use at least one correct approximation within the given expression.
2

Either SinE ~ Eor cos = 1—% ore.g. sinf ~ @ if they write cos’ # as 1-sin’* G ore.g.

2
cos20=1- (22)

(condone missing brackets) if they write cos® # as M.

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
o) Angle AOB = ”—;9 Bl | 22a
8))
(b) Area = ZX%rz(ﬂgngr%(b“)Z@ M1 21
:%rzfr—%rZQJr2r26:%r26’+%r2z:%rl (30+7)* Al* 1.1b
(2)
(c) Perimeter = 4r+2r[ﬂ;9]+ 20 M1 3 1a
=4r+rm+rf oreg. r(4+7r+19) Al 1.1b
2)
(5 marks)
Notes
(a)
B1: Deduces the correct expression for angle AOB
Note that 1806 scores BO
(b)

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

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

Al*: Correct proof. For this mark you can condone the omission of the brackets in %( 2,;v~)2 & as

long as they are recovered in subsequent work e.g. when this term becomes 2#°¢

The first term must be seen expanded as ¢.g. %rzﬂ—%rze or equivalent

©)

M1: Fully correct strategy for the perimeter using their angle from (a) appropriately
Need to see 4r+2ra+2r6 where a is their angle from part (a) in terms of 8

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
1806
180 — —
(b) 2 — & % 1 <t + o x@xn(Zr)z:—ﬁrz——r29+2r29:—r2(39+7{)
2 360 360 o
1801808

(c) 4r42| ——F XLXQ,JT?‘-FlgOQXLXZH(ZJ"):4F+7I'?'+N9
2 360 T 360




Question T5 Q17

Question Scheme Marks AOs
15(a) R:\/g Bl 1.1b
tana:l OF dinraris O oSG s Gl M1 1.1b
2 Vs V5
a=0.464 Al 1.1b
3
b)) 34245 Blft | 3.4
(i cos(0.5¢+0.464) =1= 0.5t +0.464 = 27
M1 34
e
t=11.6 Al 1.1b
3)
© 3+24/5 cos (0.5¢+0.464) =0
3 M1 34
cos(0.5/+0.464) = ———=
2V5
cos(0.5¢+0.464) = 2 0.504+0.464 = cos™ [—i]
245 25
dM1 1.1b
3
—t=2|cos!| ——= |- 0.464
[COS ( 2J§] j
So the time required is e.g.:
2(3.977..-0.464) - 2(2.306...— 0.464) oIl | HIb
=334 Al 1.1b
“)
(d) e.g. the “3” would need to vary B1 3.5¢
&)
(11 marks)
Notes
(a)
Bl: R = \E only.
M1: Proceeds to a value for a from tan & :i% Or sine :iL O cosc — ii
HR” ”RH

It is implied by either awrt 0.464 (radians) or awrt 26.6 (degrees)
Al: a=awrt 0.464

(b))
Blft: For (3 + 2\/§ ) m or awrt 7.47 m and remember to isw. Condone lack of units.

Follow through on their R value so allow 3 + 2xTheir K. (Allow in decimals with at least
3sf accuracy)

(b)(ii)

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(0.5¢) - 2sin (0.5¢) :t—fj = -2sin (0.5¢) - cos(0.5t) = 0

= tan (0.5¢) = —%: 0.5¢=2.677..,5.819..=1=536,116
t=11.6=>H =747

Score as follows:
M1: For a complete method:

dH dH
Attempts O and attempts to solve T =0 for ¢

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

()
M1: Uses the model and sets 3 +2"\/§"COS(...) =0 and proceeds to COS(...) =k where ‘kl <l.

Allow e.g. 3 +2”\/§"cos(...) <0
dM1: Solves COS(O.Sl‘i"O.464") =k where |k‘ < 1to obtain at least one value for ¢

This requires e.g. 2[71' +cos ' (k)tan™ (%D ore.g. 2[17 —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 / = 0 and subtracts. Alternatively finds f when /{ 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 ﬁ+cosl[ij—tanl[lj -2 ﬁ—cosl(i]—tanl[lj =7.02685...—3.68492. ..
25 2 25 2

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

2[2[n~ —tan™" GD—Q[E —cos™ [%]—tan'l [%]D =2(5.35589..-3.68492...)

3
Note that both of these examples equate to 4cos™ [ﬁ] 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 & and have e.g. 3+ 2\/§ cos(O.St - 0.464), this has no

impact on the final answer. So for candidates using 3+ 25 cos(O.St + 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" = +2.306, £3.977, £8.598, £10.26
(d)

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




