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Q1.

Question Scheme Marks AOs
—
@) Uses the commeon ratio 51-;;:::;9 = Sf-;afja oe. M1 31a
Cross multiplies and uses tanfxcos& = sinf
2 dM1 1.1b
(5+25m@) =6x12sm8
, 25+20sm @ +4sin” @=72sin8
Proceeds to given answer i Al* 21
= 4sin” #-52smA+25=0 *
3)
(a) Alt (a) Alternative example:
Uses the common ratio 12rcos@ =5+ 2sin#, 127 cos@ = 6tand
5+2sin8 Y ML | 3.la
=12 .-6‘[— =6tan &
0% . 12cos8 | o
Multiplies up and uses tan & xcosd = siné
. 2 dh1 1.1b
(3+2sinf) =6tanIx12cosf =T72sind
_ 25+ 20sin @+4sin’ 6 =T2siné
Proceeds to given answer . Al* 71
=4dsin 8-52smO+25=0 =
3)
(b) 2, e - : 1( 25
4sin” §-52sin6+25=0=>sinf = 7| .T] M1 1.1b
8 =% Al 1.2
(2)
(c) Attempis a value for etther a or
1
3 Y e 54+2x—
eg.a=12cosf= IZX—\III— or r'=5+_5m9= ,2_ Ml 3.1a
2 12cos@ NE]
].2><—7
nom T e 1
a =- anidl P =——F= o.e. .
643 i NE Al 1.1b
a —6\3
Tz ==
Uses 5.1 L dM1 | 21
3
Rationalises denominator
g 83 _ 18 3-1 daM1 | 1.1b
= 1 J3+1 3-1
1+—
J3
(S.=)9(1-+3) Al 2.1
)
(10 marks)
Notes:
(a)
o _ a, a,
MI1: For the key step 1 using the ratio of — = a—J

1 2

dM]1: Cross multiplies and uses tan&xcosf = siné

Al*: Proceeds to the given answer including the © = 07 with no errors and sufficient working shown.




Alternative:

M1: Expresses the 2% and 3" terms in terms of the first term and the common ratio and eliminates
e

dM1: Multiplies up and uses tan xcosf = sinf

Al*: Proceeds to the given answer including the * = 07 with no errors and sufficient working shown.

Other approaches may be seen in (a) and can be marked 1 a similar way e.g. M1 for correctly
obtaining an equation in & using the GP, M1 for applying tan€xcosf = sinf or equivalent and

eliminating fractions, Al as above

uoK U, , 12cos@=6tan &
Example: u, = L 3 »540ginf="r— M1
2 u, 5+2siné
= (5+2sin6) =72sin 8 dM1

25+20sin@+4sin’ @ =72sin O

= 4sin° @—52s5inB+25=0 *

(b)

MI1: Attempts to solve 4sin” @—52sin 8+ 25 = 0. Must be clear they have found sin& and not e.g.

just x from 4x —32x 425 =0. Working does not need to be seen but see general guidance for

solving a 3TQ if necessary. Note that the % does not need to be seen.
5w : aw ]
Al: 8= & and no other values unless they are rejected or the ?cleaﬂ}f selected here and not 1n (c)

A minimum requirement in (b) i1s e.g. s5in & =%. g =%

Do not allow 150° for 5%

x
6

. . Sm.
1s their answer to (b) but & = —1s used here.

(c) Allow full marks in (c) ifeg &= 3

orifeg €= 2T 15 their answer to (b) but & = %ia used here allow the M marks only.

M]1: For attempting a value (exact or decimal) for either a or » using their #

1 1
i 3 . 54 2x— Gr——=
Eg a=12cosf= 12><—£ or r=5+25m8= 2 oseg r= Gtan.ﬁ = V3
2 12cosd J3 534+2smé - 1
. 12 —— 3+ 2x—=
2, 2
1 NE)

1
Al: Finds both a= —51!37 and ¥ = —E which can be left unsimplified but sin & = E,cos g= -5

and tan & = —? (if required) must have been used.

dM1: Uses both values of "a" and "r" with the equation 5§ =——= to create an expression

mvolving surds where g and » have come from appropriate work and |J| <1

Depends on the first method mark.

ddM1: Rationalises denominator. The denominator must be of the form p+g\3oeeg p +%

Depends on both previous method marks.

k. p-a3 ko PT

x or x

p+q3 p-¢3 L a
NE]

15 sufficient.

Note that stating e g

s fole



Q2.

Al: Obtains {Sm ::]9[1—\-@}

Note that full marks are available in (c) for the use of & =150°
Note also that marks may be implied i (c) by e.g.

. 2 5m
g . _ 12cos8 144cos 6 ~ l44cos —
=" 1-r _ S5+2smf 12cosf-5-2sinf ST 5
-—— 12cos—-5-2s5m
12cosé 6
108 108 —6+643 —648+648.3

- = x 9(1-3
—6—6/3 —6-6J3 —6+6.3 -72 [ "r)
Scores M1A1 implied dM1 ddM1 A1

12cos— 12cos—
5 = 4 _ ore.g 5 = a _

= 1-z _ Sm = 1-r . W
5+ 2sm— 5+2smm—

_ 6 _ s}

1 o 1 -

’, Pl 7 —_

12cos 5 l_cosﬁ

And nothing else

scores M1AQdMI1ddMOAD
5w
12cos— )
! S5+ 2sin—
]_—'5
5w
12 CD‘SF
Scores M1A1dM1ddMOAD
b
12cos—
5¢=]fr= 611:9[-1_\'@]
S5+ 2s5m—
1— v}
11::::5E
Scores M1AOIM1ddMOAD

S, = 9(1- ﬁ] with no working scores no marks

(Q15 9MA0/02, June 2022)




Question Scheme Marks | AOs
(a) Allow explanations such as
¢ student should have worked in radians
* they did not convert degrees to radians
* 40 should be 1n radians
¢ & should be in radians
¢ angle (or &) should be 407 o X Bl 23
180 9
e correct formula is 777 | ;;D | {where & 1s n degrees}
) 3 40 i
* correct formmla is 747 —
| 360 /
)
(b) {Areaof sector=} = (—, ' M1 116
Way 1 | 9 | :
25 p B
= ?‘ fom™}  or awrt 8.73 {cm™} Al 1.1b
(2)
(b) {Areaofsector=}  7(5) —— Mi 11b
Way 2 ' 35(: '
3 ) ]
= _?‘ fem™}  or awrt 8.73 {cm”} Al 1.1b
(2)
(3 marks)
Notes for Question
(a)
BIl: Explamns that the formula use 15 only valid when angle A0F 1s applied 1n radians.
See scheme for examples of suitable explanations.
(b) Way 1
M1: Correct application of the sector formula using a correct value for 6 in radians
Note: Allow exact equivalents for ¢ eg. 9= % or ¢ i the range [0.68, 0.71]
=
Al* Accept i* or awrt 8.73 Note: Ignore the umts
() Way 2
M1: Correct application of the sector formula in degrees
55
Al: Accept — = or awrt 8. 73 Naote: Ignore the units.
Note Allow exact equivalents such as ;—g T
| A | 25 .
Note Allow M1 Al for 500 ﬁ |= ? T {em’}  or awrt 8.73 {em’}

Q3.

(Q03 9MAO0/02, June 2019)



Question Scheme Marks AOQs
(a) Angle 40 = =9 BI | 22a
(1)
b — 1 ,(7-87 1 \2
(b) Area = ZXEFI_"'.,TT,FE{QI.J 8 M1 )1
| 1, 1 3, 1 5 1,
=—prA——r8+2r@=—rf+—ra=—r (30+ma)* Al*® 1.1b
2 2 Oy B
(2)
- A%
© Perimeter = 4?'—2;1—;{2 ¢ |+2re M1 3.1a
=dr+ro+rf oreg r(d+7+6) Al 1.1b
(2)
(5 marks)
Notes
(a)
B1: Deduces the correct expression for angle A0OB
Note that 222~ scores B0
(b)

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

Need to see 2 x% » e or just »* where a is their angle in terms of @ from
part (a) + 1?[ 27)" @with or without the brackets.

AT*: Correct proof. For this mark you can condone the omission of the brackets in 1?[ 3;-]3 g as

long as they are recovered in subsequent work e g_ when this term becomes 2:°8
The first term must be seen expanded as e.g. é ;-3;;—%;-3.9 or equivalent

(c)

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

Need to see 47+ 2ra +2rf where a 1s their angle from part (a) in ferms of &
A1l: Correct simplified expression

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

eg.
1808
180 -
(a) %
' 1806
180 ———
1 . & 180 > 1 . 1, 2 1,
(b) 2 ———F —xar +—x—x7(2r) == —=r 8+ 28 == (36 + 1)
2 360 360 & 2 2
© 180~ 1806 1 .
4r+2 A |x—x2ar K—w27(2r)=4r+ar+re
2 360 T 360

(Q06 9MA0/02, Oct 2021)



Q4.

Question Scheme Marks ADs
OCx23=276 M1 1.1b
276
egOC=—-=12m * Al* 21
23
(03]
(b) eg (2ZAOB=) 723 M1 1.1b
723 0421 rad * Al | 21
2
(<) 1 2
Area GCDEZEXIE x2.3 M1 1.1b
=165.6 (m”) (accept awrt 166) Al 1.1b
5_7
[j03=}¥+12=15.?m Bl 21
Area of OAR [:MOFG]=%><"15_?"><?_5><3i_110_421 (:"4.0..1113) M1 1.1b
Total area = 165.6+2x"24.1" dM1 31la
=awrt 214(m?) Al 1.1b
(6)
(10 marks)
Naotes
()
MI1: Uses I =rf) with [=27.6 and #=2.3 correctly substituted in (may be labelled differently in their
2
equation). Values just need to be embedded in an equation or accept an expression for OC e g. %; .
May work 1 degrees which 1s acceptable. |
Condone an alternative letter being used to denote OC such as
Alternatively. they use [ =r@ with ¥ =12 and #=2.3 and verify that / =27.6m
Al*:  Achieves an expression for OC before proceeding to OC =12 (m) with no errors seen (condone lack

of umts)

3
“

:'36 = 0C =12 (m) which can score M1A1*

They must show at least

r= 2;"_6 =12 1s M1Al* (condone alternative letters for OC)
o i)
BUT eg —— =12(m) on its own is M1AQ*

23
eg OCx23=276=0C=12(m) 1s M1AD*

In the alternative method they verify [ =27.6 and conclude that OC =12m
We must see the calculation 12x2.3=27.6 and conclude that OC =12 (m)
eg. arc=12x23=276 so OC=12(m) 1s M1A1* whereas 12223 =276 15 M1AO*

Also allow e.g. 1f OC =12(m) then 12x23=276v 15 MIAIL*
If they work 1n degrees and use rounded values this scores A0* (If they work with e.g. ﬁ to keep
/3

the angle exact then A1* can still be scored)




(b)
M1:

Al*:

Attempts to subtract 2 3 from x (which may be implied by an expression for AOB which is not the
gIVEn answer)

e.g. ;(JT—Z.B) or %—1.15 score M1

May work 1 degrees e.g. 180 —awrt132 1s M1
Condone invisible brackets e.g. 7—2.3+2 can still score M1.

Achieves 0.421 (rad) with no errors seen (ignore any side working which 1s not part of their main
solution). Look for a correct expression which 1s awrt 0.421 before proceeding to the answer.
Alternatrvely, they may write

eg 240B=7-23(=08415.)= A0B=0421

Condone if they do not round their answer at the end to 0.421.

Condone lack of units. Condone poor labelling of other angles and 1t does not require A0B = to
score this mark. but do not accepte g. ABO =

If they work in degrees then withhold this mark if they do not show the conversion back to
radians.

-2.3

e.g.

eg

eg T—2.3+2=0421(rad) 1s M1AO* (invisible/lack of brackets)

180 —awrt131.8 180

=0.421(rad) 1s M1A1*

=0.421 (rad) 1s M1A1* (conversion from degrees to radians seen)

2 i

0.842...
eg m—23= =0.421 M1A0* (incorrect joined statement)
(c)
Ml: Attemptstouse 4= %f'lﬁ' with =12 and #=2.3 The values embedded in the formula is

Al:

Bl:

M1:

sufficient for this mark. May be mmplied by a correct answer or further work. Look out for alternative
more complex ways to find the area of the sector. e.g. area of semicircle — area of two sectors with
r=12 and §=0421

awrt 1660 (may be implied by later work)

A correct expression or value for the length OF or OF which may be a part of a calculation (may see
15.7 in the equation to find the area of AOE)

Attempis to find the area of at least one of the two congruent triangles using their OF found from
33-276 +12(=157),04=75 and =0421m %x OAxOBxsin C (may work in degrees)

Be aware that omutting sine m the formula may give a value close to the area of the tnangle which
would be MO. Condone use of =04 or ¢=0.42if they have rounded angle 40B.

The values embedded in the expression is sufficient to score the mark or may be implied by the
value.

Look out for more complex methods to find the area of one or both of the two congruent
triangles

e.g. they may split the congruent tniangle mto two nght angled tniangles and add the separate
areas.




Other alternatives
e g finding the area of the trapezium ABFG-
BF =2%15Tcos0.42]

] >
15+"XIS'TCOSOAM}xlS_?siuDﬁLEl— L xlﬁ_?ixsmz_ﬂ oe

Area of AOB = 1 [
2 2 y 2 J

e.g. finding the length AF and either angle 0AB or angle ABO:
AB* =157 + 7.5 —2x157x7.5%cos0421 = 4B =937._.

. . 5 B .
*sm;iBO:smﬂ.dl._l:}ABo:OjS}m or slmﬂbfl_B:51.1.1[:'.421:}OARZ2__:I
7.5 9.37... 15.7 9.37...
1 1
Area of ARO ;x15.?><9.3T...><€it10.333... or Ex 7.5x09.37. .xsm2.4

Approximate values are shown below for some of the lengths you may see in calculations:

B* //JEE_'-H

Xﬂi/’ E”‘f
N

A

1_‘ m
dM1: Solves the problem by combiming appropriate areas together which result in the total area of the
concert stage (usually the sum of the areas of the two congruent tnangles and the area of the
sector).
It 15 dependent on the previous method marks and the B mark.

Al:  awrt214 (m”) (condone lack of units). Must follow from a correct method. Isw if they round
incorrectly.

(Q08 9MAO0/01, June 2023)

Q5.



Question Scheme Marks AOs
@) » Y
Attempts Eyzdx—d" Ml | 1.1b
Var
dy f3sin2t
—=———— (=2./3cost Al 1.1b
dx sint ( V3 )
(2)
®) Substitutes =~ in E=M=(—-j§) M1 | 21
3 dx sint
) I (1
Uses gradient of normal = _W_ E M1 21
d
Coordinates of P = (—1,—?} B1 1.1b
Correct form of normal y+£=i{x+1] M1 2.1
2 B
Completes proof = 2x—2.3y—-1=0 * Al* | 1.1b
(3
(©) Substitutes x =2cos tand y = q@cc—sEr mnto 2x—23y-1=0 M1 3.1a
Uses the identity cos2¢=2cos”#—1 to produce a quadratic in cost M1 3.1a
=12cos t—4cost—5=0 Al 1.1b
Finds mt:%,% M1 2.4
. . 5.
Substitutes their cost:Emtu x=2cosf, ¥ =J§COSEI? M1 1.1b
57
=] —.—<f3 Al 1.1b
© [3'18 J-J
(6)

(13 marks)




Notes:

(a)

dy
dy . ' : ;
M1: Attempts Y __/dt and achieves a form k 51{12:‘ Alternatively candidates may apply the
dx dy sint
dr
. ; : st f
double angle identity for cos2t and achieve a form k"m_i
sint
Al:  Scored for a correct answer, either @ or 2.f3cost
s
(b)
. 2T . . dy . .

M1: For substituting = Y in their E which must be in terms of ¢
MI1: Uses the gradient of the normal 1s the negative reciprocal of the value of 2 This may be

seen in the equation of /.
B1:  States or uses (in their tangent or normal) that P = | —1. -

. thei ] v dy . : A3 _

M1: Uses their numerical value of —1 a1.1i.'1l‘.‘t1 their _1‘_T to form an equation of the

normal at P
Al*: This is a proof and all aspects need to be correct. Correct answer only 2x—2/3y—1=0

()

M1: For substituting x =2cos fand y= «.ﬁ cos 2t into 2x—2.f3y—1=0 to produce an equation
in ¢. Alternatively candidates could use cos2t=2cos” ¢—1 to set up an equation of the form
y=Ax"+B.

M1: Uses the identity cos2f=2cos 7—1 to produce a quadratic equation in cost
In the alternative method it 1s for combining their y = A"+ B with 2x— 243 y—1=0to get
an equation in just one variable

Al: For the correct quadratic equation 12cos” t—4cost—5=0
Alternatively the equations in x and y are 3x* =2x=5=0 1243 Vi 4+4y— 7J3=0

M1: Solves the quadratic equation in COS! (or x or y) and rejects the value corresponding to P.

: : 5 : 5).
M1: Substitutes their cost =g or their .*=zu‘ccos[E] inx=2cosfand y =~.Ecos 2t

If a value of x or y has been found 1t 1s for finding the other coordinate.

5 7 5 7
Al: ©O= [ % . E 3 ] CAllow x= % V= E J3 but do not allow decimal equivalents.

(Q13 9MAO0/01, Specimen papers)



Q6.

Question Scheme Marks AOs
Attempts erther sin38 =~ 38 or cos4d =~1— T T
ATy
both sin36~36 and cos4@~1- ) \____ M| 21
Attempts both sm 38 =~ and cosd4f =~ 1— 3 —> 58530 &
and attempts to sumplify
4
=3 oe Al 1.1b
3
(3 marks)
N (46 |
M1: Attempts erther sin38 = 38 or cos46 =~ 1 —'T in the given expression.
See below for description of marking of cos4#&
_ (1Y’
M1: Attempts to substitute both sin38 ~ 38 and cos48 ~1- [' 5 )
[ (s6)
1 ‘ | ——
— —5ax38 and attempts to simplify.

-

Condone missing bracket on the 48 so cosd48 =1— f would score the method

Expect to see 1t simplified to a single term which could be in terms of &
Look for an answer of k& but condone k& following a slip

Al: Uses both identities and stmplifies to — or exact equivalent with no incorrect hines BUT allow

3
. 46°

recovery on mussing bracket forcos48 = 1— -

f Y

| 48

l_l 1_{T}

| | 88 4

:E-g. W—E—E 1s M1 M1 AQ

Condone awrt 1.33.

g Locoste 1-(1-2sin26) dsinidp 2x(20) 4
" 28sin38 28s1n 38 T 28538 28x38 3
M1 For an attempt at sin36 =~ 38 or the identity cos48=1—2sin" 26 with sin28 ~28

M1 For both of the above and attempts to simplify to a single term.

Al ioe
3

(Q01 9MAO0/01, June 2018)



Q7.

Q8.

Question Scheme Marks AOs
in & V)
@ tan@+cot@=—m’ LS9 M1 | 21
cosd sind
2 2
_sm G+cos 6 Al | 11b
sindcosf
_ 1
Lino6 ML
2
=Zcosec2d * Al* 1.1b
(S}
(b) States tanf+cotd=1=sm26=2 B1 )4
AND no real solutions as —1<sin28 <1 i
I
(5 marks)
Notes:
(@)
. sin & cost
MI1: Writes tané = and cotf=—
cos sin &
-2 2
) ) ) &+ a
Al:  Achieves a correct intermediate answer of u
sinfcos
MI1: Uses the double angle formula sin28=2sinfcos@
Al*: Completes proof with no errors. This i1s a given answer.
Note: There are many alternative methods. For example
1 _tan’f+1 sec’ @ 1 1
tanf+cotf=tand+ = = = _ = —then as the
tan @ tan @ tan & 2,5 58 cos@xsind
cos” @x——
cosé
main scheme.
(b)
B1:  Scored for sight of sin28 =2 and a reason as to why this equation has no real solutions.

Possible reasons could be —1<sin28 <1 and therefore sin28 2

or sin 26 =2 = 26 = arcsin 2 which has no answers as —1<sin28 <1

(Q09 9MAO0/01, Specimen papers)




Question Scheme Marks AOs

(a) D=5+2sm(30x6.5)° =awrt 448m with units Bl 3.4
(1)
)] _ o M1 1.1b
3.8=S+2sm{30r}°:‘>sm[~30r)°=—0.6
Al 1.1b
t=10.77 dnfl 31a
10:46 am or 10:47 am. Al 3.2a
(4
(5 marks)
Notes:
(a)

B1: Scored for using the model ie. substituting t =6.51into D =5+ 2sin(30¢)° and stating

D =awrt 4 48m . The units must be seen somewhere in (3) . 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(307)° =k, |Fr| =1
Al: sin(30¢)°=—0.6 This may be implied by any correct answer for f such as t =7.2
If the Al implied, the calculation must be performed in degrees.
dM1: For finding the first value of 7 for their sin(30¢)°=F after r=8.5.
You may well see other values as well which 1s not an issue for this dM mark
(Note that 510 [ 302‘}0 =0D6=30t=2169" a5 well but this gives = 72}
For the correct sin(307)°=—06=30r =323 1=r=awrt 10.8

For the mcorrect sin(307)° =406 =30 =396 9= r=awrt 13.2

So award this mark if you see 30t =1invsin 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 nunutes or 10 hours 46 minutes.

(Q08 9MAO0/01, June 2018)



Question Scheme Marks AOs

(a) Uses s=r8=3=rx04 M1 12
= 0D=T75cm Al 1.1b

(2)
(b) Uses angle AOB =(:?r—0.4) or uses radius 1s (12 — *7.5") cm M1 3.1a
Uses area of sector =%rzﬁ':%x(u—?.ﬁ)zx(ﬂ—{m) M1 1.1b
=27 8cm? Alft | 1.1b

(3)
(5 marks)

Notes:

(a)
M1: Attempts to use the correct formula s =r& with s=3and =04

Al: OD=75cm (An answer of 7.5cm 1mplies the use of a correct formula and scores both
marks)

()
M1l: AOB=mx—-0.4may be implied by the use of 4OB = awrt 2.74 or uses radius 15

(12 — therr “7.5%)

M1: Follow through on their radius (12 — their OD) and their angle

Alft: Allow awrt 27.8 em’. (Answer 27.75862562). Follow through on their (12 — their *7.57)
Note: Do not follow through on a radius that 1s negative.

(Q02 9MAO0/01, Specimen papers)

Q10.
Question Scheme Marks AOs
1
States or uses Erzﬁ'zll Bl 11b
States or uses 2r+r8d=4r8 Bl 1.1b
Attempts to solve, full method #=__. M1 31a
r=+33 Al 1.1b
4]
{4 marks)




Notes:
1, . S .
Bl: Statesoruses —7°¢=11  This may be imphed with an embedded found value for &

B1: States oruses 2r+r& =418 or equivalent
M1: Full method to find 7 = ... This involves combining the equations to elinunate & or find &

The mutial equations must be of the same "form" (see **) but condone slips when attempting to solve.
3
It cannot be scored from impossible values for & Hence only score if 0 < 8 < 27 FYI 6 == radians

Allow this to be scored from equations such as 776 =11 and ones that simplify to  ..r=_7r8 **

1,
Allow their 2» +78 = 48 = & = _then substitute this into their 5 rd=11

Allow their 2r + 78 = 418 = 18 = __then substitute this into their %I'ZS' =11

Allow their %;-39 =11= # =— then substitute into therr 2r+r@=f=r=_
£ o

Al: r =+/33 only but 1sw after a correct answer.

The whole question can be attempted using & 1n degrees.
& 3

Bl1: States oruses ——xar =11

360

a &
B1: States or uses 2?'+EXEM'=4XE>< 2ar

(Q03 9MAO0/01, June 2018)

Ql11.
Question Scheme Marks ADs
(a) a=60 Bl 3.1b
2="60"—B(—20): =b—_. M1 34
H = 60—0.145(r — 20)* Al 33
3
(b) Height=2m Bl 34
@
(€) a =180 or =31 M1 34
H =29cos(9r+180)°+31 Al 33
2
(d) e.g. “The model allows for more than one circut™ Bl 3.5a
@
(7 marks)




Nates

()

Bl: a = 6l) (may be seen in their final equation of the model or implied by 60 substituted for @ in the
model)

MI1: Attempts to find b by substituting in =0, H =2 and their @ and proceeding to a value for b.
May be seen as two simultaneous equations formed:
2=a-b(-20)" and 60=a-5b(20-20)" proceeding to a value for b

Al: H=60-0.145{—-20)" or equivalent suchas H = —%rj +584+2 or H=60- jﬁg{j (t-20)" isw

once a correct equation for the model 15 seen. Must be in terms of H and ¢. If they just state
a=060.b=0.145 then A0

A correct answer with no working seen scores full marks.

b

I[Bl}: 2 cao (condone lack of units) This can be scored even if thewr model 1n (a) 1s mncorrect (they may
have used symmetry to determine this value)

(c)

MIl: (e=)180 or (f=)31 Condone (a=)x

Al: H =29cos(9r+180)°+31 or equivalent e g. H =—29co0s(9¢)+31 15w once a correct equation for
the model 1s seen. Must be in terms of A and ¢. If they just state & =180, f =31then A0
A correct equation with no working seen scores both marks. Does not require the degree symbol.

d

I[Bl}: Score for a reason which makes reference to any of

s the alternative model allows repetition (allow phrases e g “multiple cycles™, “repeated circuits™,
“cyclical”, “periodic”, “loops around”, “the origmmal model can only go up and down once™)
the alternative model after 2 munutes the carnage will be back at the start (e.g."at 2 nuns f =27)

¢ the ongmal/quadratic model after 40 seconds (or any tume after this) will be negative (e.g. “the
height will be negative which cannot happen™)

¢ the onginal model after 2 minutes would not be back at the start

Do not allow vague responses on their own e.g. “the original model 15 a parabola™

If calculations are used then they must be correct using a correct model (allow rounded or truncated)

Look for a valid reason and 1gnore reference to anything else as long as it does not contradict

t |0 | 3 (1015|2025 |30 (35|40 |45 |50 | 35|60 |80 100 120

ho| 2 |27 |46 |56 |60 | 56|46 | 27| 2 |-31|-71|-118|-172|-462|-868|-1390

(Q13 9MAO0/01, June 2023)

Q1l2.



Question Scheme Marks AOs

(a)

: e
Identifies an error for student A: They use c?sg =tanf
Sm. Bl 23
sm e
=tan&

It should be
cos &

1)

(b)

(i) Shows cos(—26.6°) # 2sin(-26.67), so cannot be a solution a1 4

(11) Explains that the mcorrect answer was introduced by squaring Bl 24

(2)

(3 marks)

Notes:

(a)
B1:

: = tan & . This 15 incorrect as Smg=m9'
sin cos &

not tand=2"

cosd

Accept a response of the fype 'They use

It can be implied by a response such as 'They should get tan@ =

I | =

Accept also statements such as 'it should be cotd=2'

(b)
Bl:

Bl:

Accept a response where the candidate shows that —26.6° 1s not a solution of

cos @ = 2sin @ _ This can be shown by, for example, finding both cos (—26.6") and

2sin (—25.6“} and stating that they are not equal. An acceptable alternative 1s to state that
cos (—26.6") =+ve and 2sin (—26.6") =—ve and stating that they therefore cannot be

equal.
Explains that the incorrect answer was mtroduced by squaring Accept an example showing
this. For example x=35 squared gives x* =25 which has answers +5

Q13.

(Q02 9MAO0/02, Specimen papers)




Question Scheme Marks AOs
(@) Solves x*+y° =100 and f.ﬂr—lS‘ll2 +y? = 40 simultaneously to
c M1 3la
findx or y Eg (x—-15) +100-x* =40=> x=__
Either = -30x+325=40=x=95
Al 1.1b
Or y=g=awﬂt3.12
Attempts to find the angle AOB in circle C,
"g.5" M1 3la
Eg Attempts cosa = to find o then =2
(9.5
Angle 408 = 2xarcos| = |=0.635rads (3sf) * Al* 21
" A
@
®) | Attempts 10%( 27 —0.635) = 5648 M1 11b
Attempts to find angle AXB or AXO in circle C, (see diagram)
15-"0.5" M1 3la
Eg cos § = = = (Note AXB =103 rads)
B 70 i
Attempts 10x (27— 0.635)+/40 % (27 -2) dM1 21
= 807 Al 1.1b
4
(8 marks)
Notes:
Cl
Angle AQB =0.635"
Angle AVH =103
(a)

M1: For the key step in an attempt to find either coordinate for where the two circles meet.
Look for an attempt to set up an equation in a single varable leading to a value for x or y.

V39

Al: x=95 (or y=T=awrtt3.12)




M1: Uses the radius of the circle and correct trigonometry in an attempt to find angle 40B in circle §
E g Attempts coga:% to find o then x2

- §100-"9.5%
Alternatives include tand = EECTYII =(0.3286.)to find o then x2

10° +1i:13—(.¢|’3_9}l 161

And cos AOB = =
2x10x10 200

Al#*: Correct and careful work in proceeding to the given answer. Condone an answer with greater accuracy.
Condone a solution where the intermediate value has been truncated, provided the trig equation is cofrect.

V39

Eg sind :E =0=0317= A0B =20 =0.635

Condone a solution written down from awrt 36.4° (without the need to shown any calculation.)
E

(b)
M1: Attempts to use the formula s = r& with »=10 and # =27 -0.635

The formula may be embedded. You may see 2710+27/40-10% 0.635... which is fine for this M1

M1: Attempts to use a correct method in order to find angle 4¥B or AXO in circle C,

2
" " 40+40- '\fg—g
3127 and cos AXB = ( } 41

15-05 2xya0x430 80

Note that many candidates believe this to be 0.635. This scores M0 dM0 A0

Ameongst many other methods are tan 8 =

dM1: A full and complete attempt to find the perimeter of the region.
It 15 dependent upon having scored both M's.
Al: awrt 89.7

(a)

M1: For the key step in attempting to find all lengths in triangle 04X, condoning slips
A1l: All three lengths correct

M1: Attempts cosine rule to find o then =2

A1*: Correct and careful work n proceeding to the given answer

(Q11 9MAO0/01, Oct 2020)

Q14.



Question Scheme Marks AOs

(a) R=.109 Bl 1.1b
3
tfano =— M1 1.1b
10
a=16.70" so 109 cos(3+16.?0°) Al 1.1b
(3)
(h) (1) eg H=11-10c0os(80r)"+ 35m(80r)"or
H=11-4109 coa(80r+16.7'[!)° Bl 33
(i)  11+4/109 or2l144m Bift | 34
(2)
(c) Sets 80r+"16.70" =540 M1 3.4
540-"16.70"
t=————=(6.54) M1 | 11b
&0
t =6 mins 32 seconds Al 1.1b
(3)
(d) Increase the ‘80" m the formula 33
For example use H =11-10c0s(901)° + 351n(901)° )
1)
(2 marks)
Notes:
(a)
Bl: R=4/109 Do not allow decimal equivalents
M1: Allow for tana = i%
Al:  a=16.70°
(b)(i)
Bl: seescheme
(b)(ii)
Bift: their 11+ their /109 Allow decimals here.
(c)
M1: Sets 80r+"16.70" =540 . Follow through on their 16.70
M1:  Solves their 307 +"16.70" =540 correctly to find 7
Al: r=06nuns 32 seconds
(d)
Bl:  States that to increase the speed of the wheel the 80°s in the equation would need to be

increased.

(Q13 9MAO0/02, Specimen papers)



Q15.

Question Scheme Marks AOs
(a)

2 continued

™~ e N ] s
NS

Diiagram 1
For an allowable hinear graph and explaining that there 1s only one B1 54
intersection -
(2)
(b) 1 ¥ 1
(—2x——==0=1-—-2x—==0 M1 L.1b
COSX X 3 3 X 3
Solves their X° +4x—1=0 dM1 1.1b
Allow awrt 0.236 but accept —2 + J_E Al Llb
(3)
(5 marks)

(a)

1 . . . .
Bl: Draws y =2x+ = on Figure | or Diagram 1 with an attempt at the correct gradient and the correct

2

intercept. Look for a straight line with an intercept at = E and a further point at :rl Jl] Allow a tolerance of
277

0.25 of a square in either direction on these two points. It must appear in quadrants 1, 2 and 3.
B1: There must be an allowable linear graph on Figure 1 or Diagram! for this to be awarded
Explains that as there is only one intersection so there is just one root.
This requires a reason and a minimal conclusion.
The question asks candidates to explain but as a bare minimum allow one "intersection”

Note: An allowable linear graph is one with intercept of iE with one intersection with cos x OR gradient of

+2 with one intersection with cosx

(b)

-

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

2
The equation must be in a single variable but may be recovered later in the question.
dM1: Proceeds to a 3TQ in a single variable and attempts to solve. See General Principles
The previous M must have been scored. Allow completion of square or formula or calculator. Do not
allow attempts via factorisation unless their equation does factorise. You may have to use your calculator
to check if a calculator is used.

Al: Allow —2++f5 or awrt 0.236.

Do not allow this where there is another root given and it is not obvious that 0.236 has been chosen.



(Q02 9MAO0/01, June 2019)

Q16.
Question Scheme Marks | AOs
C,- x=10cost | y=4~2sint, 0<t<27; C, x" +y =66
Way 1 (10cost)? +(44f2sinf)? =66 Ml 3.1a
100(1—sin’ 1) + 32sin” 7 = 66 100cos” r +32(1 1) =66 M1 =
—5in 2sin” = cos t+32(l—cos 1) =
Al 1.1b
- a - ¥ 1 3 a3 ]
100 —68sin" F=66 = sin"f=— . 2= lr==
s f 511 5 68cos” r+32=66 = cos ¢ 2 AM1 1.1b
= sinf=_. = cosf=_..
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=(542, -4 or x=52, y=—4 or §=(awrt 7.07. —4) Al 32a
(6)




2 -2l 'i':fﬂ' '__ . 2_an,
Way 2 fcos’f+sin’r=1=} ‘.m | +I_4JE! =1 {=32x7+100y° =32003| o, 31
X 66-x 66—3y" 3 Ml 21
100 32 100 32 Al 1.1b
2+ ~100x° = 2112-32y° +100y" =3200
32x qﬁﬁ(}D 100x" =3200 : g v aM1 1.1b
=50 = x=_ yv=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=(5‘J"_-. —4) or -'f=5*d@.}'=—4 or §=(awrt 7.07. —4) Al 32a
(6)
Way 3 {C, X +)y =66=} x= J66 cosa, y= J66sina
{C, =C, =} 10cost=4+/66cosc, 4f2sint =66 sin o M1 11
. ) Jla
. e | [ 44f2sint |
fcos” o +sin’ @ =1 =} | 10cos? | +| 4£Sﬂ” ‘ =1
L 66 66
then continue with applying the mark scheme for Way 1
Way 4 (10cost)? +(4+f2sinf)* =66 M1 3.1a
| 2t (1—cos2r M1 2.
100/ 1+cos2r |+32| 1—cos2r¢ |=56
! ) ! 2 ) Al 1.1b
50+50cos2t +16—16cos2r =66 = 3dcos2r +66 =66
" dM1 1.1b
= cosif=__
Substitutes their solution back into the onginal 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 cormrect quadrant
S=(542, -4 or x=5y2, y=—4 or §=(awrt 7.07. —4) Al 32a
(6)
Note: Give final A0 for writing ¥ =3+/2, y =—4¢
followed by S=(—4,5 ﬁ)
(6 marks)
Notes for Question
Way 1
M1: Begins to solve the problem by applying an appropriate strategy.
E.g Way 1: A complete process of combiming equations for €, and C, by substituting the
parametric equation into the Cartesian equation to give an equation in one variable (ie f) only.
MI: Uses the identity sin” 7 +cos” r=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 st/ =... where —1 = sm7¢ = lor cosf=... where—1=cosr =1
Note: | Condone 3% M1 for sin’¢ % s sint= i
M1: See scheme )
Al: Selects the correct coordinates for §
Allow either §=(542, —4) or § = (awrt 7.07. —4)




Wayv 2

MI1: Begins to solve the problem by applying an appropriate strategy.
E.g. Way 2: A complete process of using cos’ f+sin’ f =1 to convert the parametric equation
for C, into a Cartesian equation for C)

MI1: Complete valid attempt to write an equation in terms of x only or ¥ only not involving
trigonometry

Al: A correct equation 1 x only or v only not involving trigonometry

dM1: dependent on both the previous M marks
Rearranges tomake x=__ or y=__.

Note: their x* or their y* must be >0 for this mark

M1: See scheme

Nute: their x* and their y° must be =0 for this mark

Al: Selects the correct coordinates for 5

2

Allow either S=(54/2, —4) or §=(awrt 7.07.—4) or S=(/50, —4) or 5= -4 |

Way 3

M1: Begins to solve the problem by applving an appropriate strategy.

E.g Way 3: A complete process of writing C, in parametric form, combining the parametric
equations of () and C, and applying cos” @ +sin” o =1to give an equation in one variable
(1.e.1) only.

then continue with applying the mark scheme for Way 1

Way 4

MI: Begins to solve the problem by applying an appropriate strategy.
E.z Way 4: A complete process of combining equations for C; and C, by substituting the

parametric equation mfo the Cartesian equation to give an equation in one vanable (1.e. 7) only.

MI: Uses the identities cos2f=2cos r—1 and cos2t=1—2sin"t to achieve an equation in cos 2f only
Naote: At least one of cos2f=2cos 11 or cos2t=1-2sin" t must be correct for this mark.
Al: A correct equation m cos2f only

dM1: dependent on both the previous M marks
Rearranges to make cos2r=__ where—1=cos2r =1

MI: See scheme

Al: Selects the correct coordinates for S

Allow either S=(5+/2.—4) or S=(awrt 7.07. —4) or §=(+J50, —4) or § =;'

10 |
2 4
SR




C,: x=10cost, y=4+[2sint, 0<t<27; C,:x*+)* =66
Way 5 (10cost)? +(4+f2sinf)* =66 Ml 3 1a
10cos?)* + (442 sint)? = 66(sin : a >
(10cosf)” + (442 sint)” =66(sin" f +cos™ ) Al 1o
100cos™ £ +32sin” t =66sin” t + 66cos” t =>34cos’ t =34sin’ ¢
— tanr= dM1 1.1b
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=(542. -4 or x=5y2, y=—4 or S=(awrt 7.07, —4) Al 3.2a
(6)
Way 5
M1: Begins to solve the problem by applying an appropriate strategy.

E g Way 5: 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 (1e ) only.

MI: Uses the identity sin” +cos’ t=1 to achieve an equation in sin” only and cos t only
with no constant term

Al: A correct equation in sin” ¢ and cos’f containing no constant term

dM1: dependent on both the previous M marks
Fearranges to make tans=. .

MI: See scheme

Al: Selects the correct coordinates for §

Allow either S =(54/2, —4) or § =(awit 7.07. —4) or §=(+/50, —4) or §=| % 4|

(Q04 9MAO0/02, June 2019)

Q17.



Question Scheme Marks | AOs
=17
1-cos26 =tan@sin28, 8= 20T 7
(a) o _(SIDE ),
Way 1 tan Fsin 28 = .. —CDS&;I(Qsmﬁcos&} M1 1.1b
[ sing | M1 1.1b
=| sing .l(ZSiné?m‘;ﬁ)= 2sin’ 8=1-cos28 * RE 1
3)
(a) _ B T s BT, P I U S
Way 2 1-cos28 =1-(1-2sin" &)=2smn" & M1 1.1b
(siné&y, . . . M1 1.1b
-| msg-rj(zsmﬁcmf:?} =tan Osin 28 Al* 21
3)
(sec” x—5)(1—cos2x) = 3tan” xsin2x. —%-:z:x-:::%
(h) (sec” x —5)tan xsin 2x = 3tan” xsin 2x
Way 1 or (sec’ x—5)(1-cos2x) =3tan x(l —cos2x)
Deduces x=0 B1 22a
Uses sec’ x=1+tan’ x and cancels/factorises out tanx or (I—cos2x)
eg (1+213112:r—31anx—5)ranx=0 Mi 21
or (1+tan” x—3tanx— 51 —cos2x) =0
or 1+tan’ x—5=3tanx
tan” x—3tanx—4 =0 Al 1.1b
(tanx—4)tanx+1)=0=tanx=... M1 1.1b
T 1326 Al 1.1b
Ty Al | 11b
(6)
(9 marks)

Notes for Question

(a) Way 1
) sin & _ ) .
M1: Applies tané& = 5 and sin 28 =2sin fcos & 10 tan Hsin 28
cos

MI1: Cancels as scheme (may be implied) and attempts to use cos28=1- 2sin’ &
Al*: For a correct proof showing all steps of the argument
(a)
Way 2
M1: For using cos28=1-2sm’ 8
Note: | Ifthe form cos26=cos’ 6 —sin’ & or cos28=2cos’ 8—1 is used, the mark cannot be awarded

until cos’ £ has been replaced by 1-sin’ &
MI1: Attempts to write their 25I0° & in terms of tan# and sin28 using tan 8 = smt; and

Cos

sin 28 = 2sin fcos & within the given expression
Al*: For a comrect proof showing all steps of the argument
Note: | Ifa proof meets in the middle; e.g. they show LHS = 2sin’ @ and RHS = 2sin® 8 then some

indication must be given that the proof is complete. E.g. 1-cos26= tan #sin 26, QED. box




Notes for Question Continued

(b)
Bl: Deduces that the given equation yields a solution x=0
MI1: For using the key step of sec” x=1+tan’ X and cancels/factorises out tanr 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 3TQ in tanx. E.g. tan’ x—3tanx—4=0

Note: Eg tan’ x—4=3tanx or tan’ x—3tany=4are acceptable for Al
MI: For a correct method of solving their 3TQ 1n tanx

Al: Any one of —i awrt —0.785. awrt 1.326, — 457, awrt 75.964°
Al: Only x= — I 1.326 cao stated in the range —T <X T

Note: Alternative Method (Alt 1)

(sec’ x—5)tan xsin 2x = 3tan” xsin 2x
or (sec” x—5)(1—cos2x) = 3tan x(1 —cos 2x)
Deduces x=0 Bl 22a
: - o . o sinx Complete process

sec’ x—3=3tanx = JIE 3=3 cosx | (as shown) of using the

5 - _ wdentities for sin 2y and
1-5cos” x=3smnxcosx cos2x to proceed as far as M1 21

Y o Vg — .

1_5:1+C:>S~1 ;=%mk A4+ Beos2y == Csinlx

3.5 3. 3 5 3

————coslx =—sm2x — I Zos?r="sin?x

573 3 5 2::05_.1 2511]_1 Al 11b
{3smn2x +5cos2x=-3} oe.

Expresses their answer in the

JB34sin(2x+1.03) = -3 form Rsin(2x + &) =k k=0 M1 1.1b
with values for £ and o
. 3
sin(2x+1.03) = -——
( ) AT
T Al 1.1b
r=——_1.326

Ty Al 1.1b

(Q12 9MAO0/02, June 2018)

Q1l8.



Question Scheme Marks AQs

(a) sin( x—60°) = +sin x cos 60° + cos x sin 60°
Attempts to use both } ) _ Ml 21
ms{x—BO") =*cosxcos 307 s xsin 30°

Correct equation Al 11b
2sin xcos 60" — 2 cos xsin 60° = cos x cos 30° +sin x51n 30°

. s1n
Either uses
cosx

E.z. (2cos60°—sin30°)tan x = cos30° + 2sin 60°

=tanx and attempts to make tanx the subject

Or attempts sin30° etc with at least two correct and collects terms in M1 21
sinx and cosx

{ i
| 3 3
E.g. { 2%%—% sin x =;‘2x§+§lcosx
Proceeds to given answer showing all key steps
Al* 1.1b
Es lta.u x‘:éza»tml x= 3\-@ *
2 2
C))
(b) Deduces that x =26+ 00° El 2.2a
tan (26 +60°) =343 = 26+ 60° = 79.1°,259.1°, M1 L1b
79.1°—-60°
Correct method to find one value of § Eg ¢ EE— dM1 1L1b
6 = awrt 9.6°,99.6° (See note) Al 2.1
C))
(8 marks)

Naotes:

(a)
M1: Attempts to use both compound angle expansions to set up an equation in sin x and cos x
The terms must be correct but condone sign errors and a slip on the multiplication of 2
Al: Correct equation 2sinxcos60°—2cos xsin60° =cosxcos30°+sinxsin30° o.e.
Note that cos60° =sm 30" and cos30° =51 60°
Also allow this mark for candidates who substitute 1 their tngonometric values "early”

s 1 3 3.1
_Slnl'x——ECOSIX—ZCOSIX_+SIDIXE 0.e.

M]1: Shows the necessary progress towards showing the given resuli.
There are three key moves, two of which must be shown for this mark.

X . ..
=tan x to form an gquation in just tan x.
CosX

*  uses

* uses exact numerical values for sin30°, sin60°, cos30°, cos60% with at least two
correct
¢ collects terms in sin X and cosx or alternatively in tan x
Al*: Proceeds to the given answer with accurate work showing all necessary lines.

Examples of two proofs showing all necessary lines



Eez I 2sinxcos60®—2cosxsin60®=cosxcos30°+sinxsin30°
sinx(2c0s60° —sin30°) = cos x(cos30°+2sin60°) 1. collect terms

SN X

{2{:0560‘:‘—51'1130"] tan x = cos 30° + 2 51n 60° 2. =tan r so M1

SE

_c0s30°+ 250 60° o

x= =
2cos60°—sm 307 l—l
2

COs X

= 31.5 3..uses values and completes proof A1*

. 1 3 )
2.5mx><5—chsxxj—cosxx7+smx><5 1 uses values

= %sin x= 3 COsSX 2.collects terms so M1
= tanx = 3-\,@ :
3.28% _tanx completes proof A1*
CcosX
(b) Hence
o x—60°
B1l: Deduces that x=268+60° oesuchas &= 5

This is implied for sight of the equation tan(26+60°)= 33
M1: Proceeds from fan{28xa®)= 3@ = 28+ta"=oneof 79.1°,259.1°, . where a =0
One angle for arctan f3\f§} must be correct in degrees or radians{3sf) FY1 radian answers 1 38 4 52

791°Fa”
dM1: Correct method to find one value of @ from their 28+ w°=79.1%t0 & = 2o

This 1s dependent upon one angle being correct. which must be in degrees, for arctau[_%ﬁ ]

tan (26 +60°) = 343 = 6 =9.6° would imply B1 M1 dM1
Al: f=awrt9.6°,99.6° with no other values given in the range
Otherwise: Via the use of cos(26+30°)=cos26cos30°—sin 265 30°.

V3

25in28 =cos(26+30°)= tmzﬂz? =6 =9.699.6°

The order of the marks needs to match up to the main scheme so 0110 is possible.
30®
Bl: For achieving tan26 = E o.c so allow tan 26 = awrt 0.346 or tan 28 = ——""
5 2+sm30°
Or via double angle identities «..I'r_’_& tan” +10tan & — u'f?_: =0 o.e.

M1: Attempts to use the compound angle identities to reach a form tan 26 =k where kis a constant not

33 {or expression 1 trig terms such as cos 30 etc as seen above)
Or via double angle identities reaches a 3TQ in tan &
dM1: Correct order of operations from tan 28 =k leading to 8 =...

Correctly solves their \Etan: 2+10 tanS—x,E =0 leading to f=..
Al: f=awrt 9.6° 99.6° with no other values given in the range.

Note that tan (26 + 60°} =33=6= 9.6°,99 6° is acceptable for full marks

(Q14 9MAO0/01, June 2022)



Q1l19.

(a) e.g 64°=8"+13"-2(8)(13)cos 4BC M1 1.1b
3’ 2 _
(angle ABC =) cos™ 8 +13°-64 I 0.394 (radians)* Al* 1.1b
2x8x13 )
(2)
(b) oy Loy e
eg {Area{ABC}_.] 7(3-] (0.394) (=awrt 12.6)
or Ml | Lib
(Area(ABD)=) —[3 13)s5in0.394 (=awrt 20.0)
_ 1, .
(Area(R)=) ?[8}{13]51110_394—;(8] (0.394)= dm1 3.1a
(Area(R)=) awrt7.34to 7.37 Al 1.1b
(3)

(5 marks)




Notes

(a)
MI1:

Al*:

It is acceptable in this question to work in degrees and convert if necessary.
NB Angle 4BC in degrees is 22.591...°

Attempts to use the cosine rule with values correctly placed. May be implied by, e g,

87 +13* — 64 (64— —13%)
cosf=————— or cos —]

2x8x13 . —2x8x13
Condone slips in substitution 1f a correct cosine formula 1s seen. The placement of the values

should be correct. So, condone e g. a missing 2 once a correct cosine formula is seen.
Alt 1: attempts the cosme rule and finds angle ADB (=awrt0.5or 29°) or angle BAD

(=awrt2.2 or 2.3 0r 129°) and uses the sine rule correctly with angle 4BC involved.
Alt 2: attempts the cosine rule and finds angle ADB (=awrt0.5 or 29°) and angle BAD

(=awrt2.2 or 2.3 0r129°) and sums angles 4DB, B4D, and ABC to 1 (or 1807)

Alt 3: using Pythagoras and simultaneous equations to find the length of AN or BN (see

. E] . AN
diagram on the next page) and uses e.g. cos ABC = e or sm ABC = e

cso Correct proof.
If starting with 6.4 =8 +13% —2(8)(13)cos ABC then there must be an intermediate line

such as

o cosapc=3 11364 angle 4BC =cos™

g* +13' —6.4° ]
2x8=13

2x8=13

4801

5200
e angle ABC = awrt 0.3943

* cos ABC =awrt 0.92 or

-1

824132 _6.4%"

l 8°+13 —6.4°
orcosf=————
2x8x13

2x=8x13

The mimmum required 1s e.g. cos — 7=0.394

both of which score M1A1%.
The final value must be 0.394 and not e.g. 0.3943. There should be no obvious incorrect

statements in the proof e.g. c0s(0.92)=0.394 and no obvious incorrect work.

Allow the use of e.g., 8, x, or even e.g. 4 throughout. Mention of radians 1s not required.
Those working in degrees and achieve 22.6 can convert to 0.394 without calculation for M1A1

Attempts via verification e.g. AD* =8 +13%-2(8)(13)c0s0.394 — AD = awrt 6.4 score

maximum M1AQ*




(b) Note: you may need to check the diagram for working.
M1: Attempts the area of the sector or the area of the triangle 4BD via a correct method.
May be implied by a full attempt at the area of R.

The sector area may be implied by % or by 0.394

x %8

>
®*Tx8 or

2T
The angle 4BC 1s given 1n the question as 0.394 and should be used (or a more accurate
value). Do not allow use of a different value for angle ABC (other than the angle in degrees).

There are many acceptable alternative approaches to find the area of trniangle 45D,
e.g. using their angle 4DB or their angle BAD or using right-angled triangles

eg %(13)("3_0?") or %("?_39"]("3_{}?")+%("5_514")("3_{:-7 ") and could be implied by
eg 113+86

: 1 ]
Alternatively, attempts the area of the tnangle 4CD (e_g_ E(S] (6.4)smn"0.501" = awrt ?_SSJ

or the area of the segment (in sector ABC) [%[82 )(0_394]—%[82 )51110_394 = awrt D.324J

via a correct method. The area of the tnangle 4B C alone 1s msufficient for this mark.

. . 4801Y’
Note that sin0.394 might be seen as 1—[%}

For values, see the diagram below.
dM1: Complete and correct method for the area of R. Requires correct attempts at both the area of

the sector and the area of the triangle 4BD and subtraction of the two values (or expressions).
Allow sector — triangle ABD 1f this 15 then recovered by making the area posifive.

Alternatively, correct attempts at both the area of the triangle ACD and the area of the
segment (1 sector ABC) and subtraction of the two values (or expressions).

Condone slips 1n substitution provided a correct formula 1s seen.
May be implied by a correct answer.

Al:  awrt 7.34 to 7.37 no units required but penalise incorrect units.
ISW after an acceptable answer 1s seen.

Helpful Diagram:

[3em
)’V ﬁ"“-,_h
‘s._\\-\“‘_
6.4em 073 e \\-'?\-3'{'5 \\
Ly ~
\\-\,“_ -,_\\
1 £l
2.246/129°H : 0.394/22.6 ™~
A Sem B
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Q20.

Question Scheme Marks AOs

Examples:

4sm£m4{
2

[

], 3cos’ @ = 3[1——

.

3-:05:9:3[1—31'11:5}:33{1_53} M1 1.1a

> 2
?FCCIS: 5 = SM& i[l_i_l]

2 21 2
EEHmplES'
s 242
43m8+3cos g 4| ]+3| 1_'9_1
v 2)
a0 ) L .
4sin — +3c05. 6= 4[§J+3E‘l—sm'&}m25+3[1_g-} dM1 | 1.1b
28+1 V3 N
43m5+3c05 &= 4€u1 +3 {cos;i} 4[£ +;[1 46° +1
= 2 2) 2 2
A
=13+3{l1—81+,,,}=3+25ﬁ_391 Al 1
(3)
(3 marks)

Notes

MI1: Attempts to use at least one correct approximation within the given expression.
Either c_.mi ~ ior cosd xl-—oreg sin & =~ @ 1f they write cos” & as 1-sin“ Fore.g.

(-}5]3 s 1+cos28

cos2f~1- (condone missing brackets) if they write cos™ & as

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
m terms of & only. Depends on the first method mark.
Al: Correct terms followmg correct work. Allow the terms in any order and ignore any extra
terms 1f given correct or mcorrect.

(Q04 9MA0/02, Oct 2021)
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Question

Scheme Marks AOs

One of #tan26 = #x26 or 1—cos3d 1—(1— 5 }cr equivalents. | Bl 1.1a

(28]

ftan 28 =26

Bl1:

MI:

Al:

1—00536':1_(1_@, M1 2.1
4 .
=5 or exact equivalent. Al 1.1b
(3)
(3 marks)
Notes
[39]: )

or equivalents.

Award this mark for £tan 260 — %20 or 1—c0539=1—‘ 1=

May be seen when working on numerator or denominator separately or within the
fraction.

. : : o . 30°
This 15 a B mark so if awarding for cos3¢ do not condone missing bracketseg. 1 - —
unless they are recovered or are implied by subsequent work.

Attempts to use both correct small angle approxiumations 1n the given expression.
: _ (36)
For this mark they must have attempted to use tan 26 = 2¢ and cos3d= I—T in the
x 26 gx28

given expression but condone poor bracketing e.g. ﬁ ore.g. 11—"’
1-(1-% -1-%

f =26 . ... Htan2d
Do not allow e.g. — as this suggests they are approximating —————
1 — 3¢ cos 36

=

Correct value. Do not allow rounded decimals e.g. 0.444 but allow if recurning decimals

.. 2 e
are clearly imndicated e.g. 0.4 Do not allow e.g. E Ignore any vnits 1f given.

Isw once a correct answer 1s seen.

Examples:
5426_ =i| or _i| scores BIM1AO
1-(1-2) 3 3 (Missing brackets not recovered)
ax 3'5: scores BIMOAD
1-28L (Missing 1 — in the denominator so M0)
Lﬂ_ scores BIMOAD
(28] | - -
1+|1——| (Has 1 +" mn the denominator so M0)
ax8 scores BOMOAO
1-(1-2& | =-- (The B mark could be recovered but MO
} because of the incorrect numerator)
L13=;i=§ scores BIMI1AO
1-1-%) — (Missing brackets recovered)
S8 Scores BIMOAO
1—(1-(2)) (The denominator suggests an incorrect
] expansion — unless it was recovered.)




U;;';U = 128 {The B1 1is awarded for the numerator but
= can be implied by the denominator.
The M1 15 implied)

BIMIAOD

#x24 4
1-(1 _,_] 9

{The correct value implies correct recovery
of missing brackets.)

BIMIAIL

Note that other approaches are possible using identities.
In such cases we will allow correct work leading to an expression that if terms in & and

higher can be ignored will lead to g

But to score the M mark they must be using correct identities and correct approximations

but condone bracketing errors as in

the main scheme.

Examples:
5
ox—20
ﬁxstH ] (28)
ftan26 " cps28 2 2 2 46°
1-cos38 1-cos38@ | (38 "‘_1—26‘2 96°  9g°-186"
1—‘ l-—
400 4
9¢° 9
Scores BIMIAI
L ftan28 8xsin28 gx28 288 2
Stmilarly: ~= : - : ~ = X — efc.
1-cos3d 00528{1—005351 28)  (38) )| 1-28° 9&°
- o -5
_ 407 49" 4
9¢° -180°  9¢° 9
Scores BIMI1AI
ftan26  Hxsin28 626 26° 2
1-cos38 cos28(1-cos3d) (26} [ (38) T1-26 98
‘1— Hl—‘l——H
4 4 4
96" -186* 9-186" 9
Scores BIMI1AD
(They cannot just assume the term in &- is 0 unless thev provide a convincing limiting
4 4
argument e. ————— = — or egquivalent
& 509 —185" b )




Scores BIMIAOQ

2tan &

—

ftan26 1—tan’ @

-

R

1—m539_1—(4m33—3m59]=1 {4[ . &
2

Scores BIMI1AD

Naote that attempts to use expansions in higher powers of & should be sent to review.

)

Q22.
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I:H:l - (zx}]-\:
Attempts Cos:{lx}xl 1-— J = (1-4x" +4x*) M1 1.1b
1-cos”(2x) »1—(1-4x" +4x* ) =4x" —4x** Al* | LIb
(2)
(b) 1-cos’(2x)  4x" —4x°
: [1 ) (x)(x M1 1.1b
sl Jenl3) ()
3 N2) W32,
6 2 4 )
=—(4x" —4x" |=24-24x Al 21
x '
(2)
(©) 24 Blft | 2.2a
If x is (very) small, then any terms in x° are negligible. dB1ft 24
(2)
(6 marks)
Notes

(@)

MI1: Attempts to use cosf = 1—? with &, 28, x or 2x and squares the resulting expression.

"

-
-

={1—x: ) =...

Condone poor squaring, e.g.‘[l—zf}] —1—4x* or missing brackets [1—%

y

i 2
X
butnote.g. 0052.3;9:-2| 1——]
\

May be implied by e g. 1— {1 —2x* ‘}: =2x° {Z —-2x’ } from difference of two squares.
Al*: Correct proof with an intermediate line such as 1—(1-4x" +4x*)

Do not be concerned 1if the LHS does not appear and 1gnore any spurious = 0 mn their work.
There should be no obvious incorrect statements in the proof e.g. 1—(1+ 4x —4.1;*}

Do not condone incorrect work including invisible brackets such as 1-1—4x" +4x* or

22 5
[ 1— == ] but condone a missing trailing bracketeg. 1—-(1—-4x" + 4x*
5 g

Condone an attempt that starts in stages, which may not deal with the full expressione. g_,

i 20

4 12 - : :
1—‘ 1—% —>1—(1—2x‘} =_.. has a nussing square on the first bracket but 1s recovered in
\

the next stage/step.
The final line should be 1n terms of x but condone a slip to e.g. & m the workings of the proof.
If they complete the proof using & they must revert to x to score this mark.
Special Cases: In each of these cases below, please send to review.
You may see attempts that use e g.
e cos2x=%2cos” x+1 or cos’ 2x= :é :%cos 4x
e cos2x=x1+2sin’ x followed by the small angle approximation for sin x
e Maclaurin expansions




(b)

3
M1: Uses the given answer to part (a) and writes sm{é 1 and tan( %l using correct small angle
A

S

——

approximations. Only allow nusreads that are clearly misreads e.g. they cannot replace
ta.n[ % ] with % unless tan[ % l 1s seen first. In such cases they will lose the A mark n (b) but

both of the marks in (c) are available. Condone mixed variables for this mark.

Al:  24-24x but condone e.g. 24+-24x" oreg a=24and b=-24
Condone recovery of missing/mvisible brackets but the work must otherwise be correct.
Do not condone nixed variables being recovered unless explicitly replaced with x before
cancelling x°.

\ 4

. . } . (x . ‘x
No marks are scored in (b) for using the Maclaunin expansions for sin 3 l and/or ta.n[ 3

()
Bift: 24 but this must follow from the non-zero constant term in their answer to (b).
Do not allow e.g. x =24
Allow follow through on their non-zero constant term from a polynomial mn x.
dB1ft- Suitable reason given but it should refer to their x* term in some way (and any additional
terms 1f they have any). Ignore spurious remarks e.g. “1if x < 17 unless contradictory.
Dependent on the previous B1{t mark.
Some acceptable examples:
e "24"x* >0 or x° =0
* “We can ignore the x* term”
e “x’ is much smaller than 24
e Asxy— 0theira+ by — a (condone as x — 0, bx” “becomes” 0)

. Jjng.a+bx] = (a +EJ(U)2) =a
s Since x 15 very small, 24 — 24(0)* = 24 (and condone if the squared 1s missing).

They cannot just substitute in 0 or a very small value for x to score the mark for the reason.
A reason such as “the answer rounds to 24” 1s not acceptable.

There must be some justification, either “as x — 0 or “since x 1s very small”

so e.g. “24 — 24(0)* = 24 on its own scores B1ft dBOft

This mark may be scored from any polynomual in x that includes at least a constant term and

an x* term.
4

They cannot go back to e.g. 4x* or ;‘x

—X
6

and say this 1s negligible or — 0 as they haven’t

el
.

dealt with the x in the denominator.

(Q06 9MAO0/02, June 2025)
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Question Scheme Marks AOs
(@) States or uses cosecd = L Bi 12
sm &
: 1 1-sin'@
cosecf—sinf =———snf = sm M1 21
sin & sm &
6 8
=C?S =cosﬁxc‘_35 =cosdcotd * Al 21
s sin &
3)
(b) cosec x—sin x =cos xcot 3x - 50°)
=> cos xcot x = cos xcot( 3x—50°)
cotx =cot(3x—50°)= x=3xr-350° M1 ila
r=25° Al 1.1b
Also cotx=cot{3x—50°)=> x+180°=3x-350° M1 21
x=115° Al 1.1b
Deduces x=290° Bl 22a
(5)
(8 marks)
Notes:
{a) Condone a full proof in x (or other variable) instead of 5’5 here
1 1 . ..
B1: States or uses cosecf = — Do not accept cosec 8 = — with the & missing
sin & s
M1: For the key step in forming a single fraction/commeon denominator
: 1 ., l-sin’@ . 1 1 sin’@
E.g cosecf—smf=———-smf=————  Allow if written separately —— —sin 6 = — —Slfu
sin sin sin & simf  smé

Condone missing vanables 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 1s found when
x=3x—50°.
You may see solutions where cot A —cotB=0=cot{{—B)=0o0r tand—tanF=0=tan(4d - B)=0.
As long as they don't state cot. 4 —cot B =cot(4—B) or tan 4 —tan B = tan(4 — B) this 1s acceptable

Al: x=25°

M1: For the key step in realising that cot x has a pertod of 1807 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 1t 1s 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 1ignore values outside.

B1: Deduces that a solution can be found from cosy =0= x=00°. Ignore additional values here.

Solutions with linuted 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 B1. Bl marked on epen as 11000



Alt 1- Right hand side to left hand side

Question Scheme Marks AOs
@) States Or uses  cof f = —— 6 Bl 12
sin &
cosfeotg— 25 & _17sm 8 M1 21
sin & sin g
| ; i
=——-sinf=cosecf-smnf ¥ Al* 2.1
sin &
(3)
Alt 2- Works on both sides
Question Scheme Marks AOs
(a] States or uses cot & = l:‘li]‘;‘ g o cosecd = L Bl 12
5 sin &
THS — .1 ind = 1—§n1'5=ccfs'ﬁ
s & J5'51,11{-3‘ s & M1 51
RHS =cos B cot&= ccl's
sin &
States a conclusion E.g.
"HENCE TRUE",
Al* 21
I‘QEDII
or cosecf-smf =cosfcoté o.e. (condone = for =)
(3)
Alt (b)
Question Scheme Marks AODs
, . cos|3x—50°|
cmx=|:ntl3x—5[]°|:}C?sx= — —
siny s 3x—50°)
sin | 3x—350°)cosx —cos(3x—50°)sinx =0 M1 31a
sin((3x—50°)-x)=0
2x—50°=0
r=25° Al 1.1b
Also 2x-50°=180° M1 21
x=115° Al 1.1b
Deduces cosx=0= x=00° Bl 22a
(5)

(Q12 9MA0/01, Oct 2020)
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Question Scheme Marks AOs
(a) Uses c052x=1—si112x:)-isinzx+sinx+8=9(l—5'mzx) M1 3.1a
=12sin’ x+sinx—1=0 Al | L1b
:}(45i.ux—1](35inx+l]=0 M1 1.1b
: 1 1
= =—.—= Al 1.1b
T
Uses arcsin to obtain two correct values M1 1.1b
All four of x=1448° 165.52° —19.47° —160.53° Al 1.1b
(6)
(b) Attempts 26-30°=-19.47° M1 | 31a
= §=5.26" Alft | 1.1b
2)
(8 marks)
Notes:
(a)
M1: Substitutes cos’ x=1-sin" x into 3sin’ x +sinx+8=9cos" x to create a quadratic
equation in just sinx
Al:  12sin” x+sin x—1=0 or exact equivalent
M1:  Attempts to solve their quadratic equation in sin x by a suitable method. These could
include factorisation, formula or completing the square.
Al: SIXY =— ,—1
47 3
M1: Obtains two correct values for their sinx =k
Al:  Allfourof x=1448" 165.52° —19.47° —160.53°
(b)
M1: For setting 26 —30° = thenr'—19.47°'
Alft: €=35.26"but allow a follow through on their '—19.47°'

(Q12 9MAO0/02, Specimen papers)



Question Scheme Marks | AOs
(i) 4sinx=secx, 0=<x -::%: (i) Ssinf—5cosd=2, 0<6<360°
@ ._ A
Way 1 For secx = p— Bl 1.2
{45-in Y=secx ::s} 4smycosy =1=2sin2x =1=sm2x =% M1 31la
- 1 (1)1 T 57 dM1 1.1b
Y =—arcsin — | Of — T-aresin — || = X=—, —
2 - 12 12 Al 1.1b
4
(i) _ 2
Way 2 For secx= p— Bl 12
{4sinx=secx =} 4sinxcosx =1=>16sin" xcos’ x=1
16sin” x(1—sin” x) =1 16(1—cos” x)cos” x=1
. .2 ) M1 31
16smn* x—16sin” x+1=0 16cos* x—16c0s” x+1=0 ?
sin” x or cos® x — [OEVI92 I 2243 or 0.033__ 0.066... !
32 | 4 J
. 2243 | . ||:._ 7| T 57 dhl 1.1b
¥ =arcsin| ,[——— | O X = arccos| ,J——— |= x=—\,—
d 4 | 4 | 1z 12 Al 1.1b
£
(ii) Complete strategy. 1.e.
+ Expresses 556 —5c058 =2 in the form Rsin(6—a)=2,
finds both R and o. and proceeds to sin(6—a) =k. [ <1. k=0
o Applies (5sin&—5cos@)* =27, followed by applying both Ml 3.1a
cos” 6 +sm’ #=1 and sin28 = 2sin Scosd to proceed to
sin26 =k |k <1. k=0
5sinf-5cosd)’ =2' =
R=\50 | Oomemdeosey =
tanr = 1= o = 45° 25sin” 6+ 25¢c05” 8 —50smBcosF=4 M1 1.1b
= 25-25sm26=4
a0 aem 2 .. 2
sin(& —45 j—ﬁ smla=§ Al 1.1b
dependent on the first M mark
f n F { VY
eg £ =arcsin —= ‘+ 45° eg ﬂzl' arcsin| 214 dMl1 1.1b
) |50 -2l s ))
& =awrt 61.4°, awrt 208.6° Al 21
Note: Working in radians does not affect any of the first 4 marks
(3)

(9 marks)




Question Scheme Marks | AOs
(i) Ssmf-Scosf=2, 0<8<360°
(ii) Complete strategy. 1.e.
Alel + Attempts to apply (Ssm&)” =(2+5cosf)" or
(5sin@—2)" = (5cos8)* followed by applying cos” f+sin” #=1 M1 3.1a
and sclving a quadratic equation in either SIn6 or cosé to give
at least one of sin&=Fk or cosé =k |k|<1. k=0
eg 25sin” 8=4+20cos8+25cos” &
= 25(1—cos” )= 4+ 20cos 8+ 25cos &
— - ——— M1 1.1b
oreg 25sm” &-20smé&+4=25¢cos ¢
= 23sin’ #—20sin & + 4 = 25(1 —sin’ &)
50cos” §+20cos#—21=0 50sin” - 20sin8-21=0
M+ ..|i 20+ [
cosd‘=w. o.e smé=w. o.e Al 1.1b
100 100
dependent on the first M mark
[ 2236 |
e.g E=:u'cc03| _—m ‘ eg g =:ucs'in‘ — 46 | dM1 L.Ib
1 10
& =awrt 61.4°, awrt 208.6° Al 21
(3
Notes for Question
(i)
Bl: For recalling that secx =
COSX
M1: Correct strategy of
« Way1l: applying sin2x =2sinxcosx and proceeding to sm2x =15, |.ﬁ'| =1 k=0
« 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. |Fc| =1 k=0
dM1: | Uses the correct order of operations to find at least one value for x in erther radians or degrees
. . Y . T
Al: Clear reasoning to achieve both x = 212 and no other values mn the range 0= x <—
Note: | Give dM1 for sin2x =% = any of ];? —; 15°, 75°, awrt 0.26 or awrt 1.3
Note: | Give special case, SC BIMOMOAO for writing down any of ;_- 2% 15% or 75° with no working

12 12




Notes for Question Continued

(i)
MI: See scheme

Note: | Alternative sirategy: Expresses Ssin6—5cos=2 in the form Reos(f+a)=-2,
finds both R and o, and proceeds to cos(f+a)=k. |fr| <1, k=0

M1: Eather

o uses Rsin(6—a) to find the values of both R and o

o attempts to apply (3siné—S5cosd)’ =2 uses cos” G +sin” #=1 and proceeds to find an
equation of the form £4 + usin2d =+ or t usin2f == f; u=0

e attempts to apply (Ssiné)’ = (2+5cos8)’ or (5sind-2)" = (Scosf)’ and
uses cos” B +sin’ #=1 to form an equation in cos@ only or sin& only
2 ) 21
Al For sin(f - 45" ) =———, oe. cos(f+45")=—-——, oe orsm2f=—, oe
) 30 ) N 25
—20=.f

or cosﬁ=%. o.e or cos&=awrt 048, awrt —0.88
or sjni-}:mz— '4600_ o.e . or sinf=awrt 0.88, awrt-048

100
Note: | sin(6—457), cos(6+457), sm 26 mmst 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 erther degrees or radians

. 2L | 21y
Note: dM1 can also be given for & =180°— arcsin | _‘30 | +45° or & = 180”—a:csm| 3 | |

V=)

Al: Clear reasoning to achieve both & = awrt 61.4°, awrt 208.6° and no other values in
the range 0 < &< 360°
Note: | Give MOMOAOMOAO for writing down any of & = awrt 01.4°, awrt 208.6° with no working
Naote: | Altermative solutions: (to be marked in the same way as Alt 1)
e 5sinf-S5cosf=2 = Stanf-5=2secd = (Stand-5)* = (2secd)’

= 25tan” - 50tan 8+ 25 = 4sec” # = 25tan” §—50tan 8+ 25 = 4(1 + tan” &)
504736 25+2446

42 21

= 2ltan" 6-50tan6+21=0 = tan6 = =1.8304.... 0.5445...

= & = awrt 61.4°, awrt 208.6° only
+ Ssinf—Scosf=2 = 5—5cotd =2cosecd = (5—5cotd)’ = (2cosecd)
=25—50cot8+25¢cot’ & = dcosec’§ = 25— 50cot 8+ 25cot” & = 41 + cot’8)

. 5 +,,I' 25+ ,g'
= 2lcot” F-50cotf+21=0 = coté= :10_”?36 = = _121 46

=1.8364.... 0.5445..

= & = awrt 61.4°, awrt 208.6° only

(Q07 9MAO0/02, June 2018)

Q26.



uestion cheme alkKs S
Q t Scl Mark AO
cc.ns3|§' , sm3g Yot
sinf  cosé&
(a) -, cos3Fcosd+sm3fsind
. LHS= M1 31
Way 1 ¢ ) sin @ cos & ?
_ c§s{39—§) : _ lcos?é’ : Al 51
sinfcosd | sinfcosd
_ .co.sEb"’ Yot * dM1 1.1b
$sin 26 Al* 21
)
(a) (LHS =} cos2¢cos? —sm2fsind  sin2fcosd +cos2fsmb
Way 2 T sin & cos&
cos28cos” & —sin 28 sin fcos £ +sin 28 cos Fsin £ + cos 2Fsin “H M 3 1a
sinfcos B
B cos268(cos” G +sin” &) [ cos28 | Al )1
N sindcos f__ 'sin-_'“?cosﬂ] ) -
_ cc:.s-EHF  9cot28 * dM1 1.1b
(4)
(a) (RHS =} 2eos2d _ 2eos(38 - 5) _ 2icos3fcosF +sin3FsinS) M1 3.1a
Way 3 sin 28 sin 28 sin28 Al 2.1
3Fcos & +sin3Fsm é
zl(cos_t}cgsﬂ sin3Fsm ) aM1 1.1b
2sinfeosd
=c053§_5i1135' . AL* 51
sinf  cosd
)
(b) [cos38  sm38 1 yng_ o |
Way 1 R 4 :’__I 2cot26=4 =2 — _|_4 Ml 1.1b
Rearranges to give tan28 =k: £ =0 and applies arctan & dM1 1.1b
<|[9'0° < & <1807, tmlE-!ﬂz% = :
Ounly one solution of ¢ =103.3%(1 dp) or awrt 103 3° Al 22a
3)
[cos36 sin3@ ] 2
®) (030 0y =) deot2e=4 = -4 Ml | Lib
Way 2 sind cos& | tan 264
Er;nf-.? '. =4 = 2(1-tan &) = Btan
{1-tan’ 8/
3 dM1 1.1b
, —4£.,(4) —4(1)(-1
= tan" f+4tanF-1=0= tan& = @ DED
2(1)
{= ta.né’:—i‘iﬁ t=tanf=k: k=0 = apples arctank
{90° < 8<180°, tand =—2-+5 =}
Only ene solution of & =103.3%(1 dp) or awrt 103.37 Al 275
3)




Notes for Question

(a) Wav 1 and Way 2
MI: Correct valid method fornung a common denomunator of sin&cosé
1.e. comect process of (Jcosd+ F...)sm o
cosFsin
Al: Proceeds to show that the numerator of their resulting fraction simplifies to cos(38 — &) or cos268
dM1: dependent on the previous M mark
Applies a correct sin 28 = 2sinfcosd to the common denonunator sin & cos &
Al* Correct proof
Note: Writing ::‘:.-536' + sin 30 = cgs3|9cos g 51.1136‘51115‘ 1s considered a correct valid method
sinf  cos& sinfcos & sin Fcos &
of forming a common denominator of sin&cos& for the 1¥ M1 mark
Nofe- Give 1% MO0 e.g. for c-:?s 36 L s 36 _ cos.4|9 +sin 48
sin?  cos& sin & cos &
but allow 15 M1 for cgsib? N sin 385 _ cos3|9cgsc?+ sin3Fsm & _ cos_4f:’ +sin 4
sinf  cos? sindcos sinfcosd
Note: Give 1" M0 e.g. for cc.:'sZE? + sm}? = cos'.3€+ sin’ 36
sind  cosd sin & cos &
but allow 1% M1 for cosi.é? . smae _ cos3fcosd +sindfsiné cosl.3|9+ sin” 38
sind  cosd sin fcos & sm&cosd
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
MI1: Starts from RHS and proceeds to expand cos26 in the form cos38cos &  sin3&sin &
Al: Shows, as part of their proof. that cos28 =cos38cos & +sm3fFsin s
dM1: dependent on the previous M mark
Applies sin28 = 2smmdcosé to thewr denomunator
Al~*: Correct proof
Y a 2 P
Note: Allow 1= M1 1** Al (together) for anyv of THS — .‘:05729 or LHS — =2 _E}{?OS f+smn 6)
sinFcos & sin &cos &
or LHS — cos26(cot+tan &) or LHS — c052€| M -
. tan&
(1.e. where cos2¢ has been factorised out)
Note: Allow 1* M1 1% Al for progressing as far as ITHS = =cotx—tanx
Note: The following 1s a correct alternative solution
cos38 sm38 _ cos3fcosf+sn3fsind 1(cos46 +cos 28) — 1 (cos48 —cos 26)
sinf cosf sin&cos & B sin Fcosd
24 .
_ .cos_t.f _ .-:-::..52{:? _ 9eotdd *
sinfcost s 2E

Note: E. g going from

cos28cos’ 8 —sm26sinf cos A + sin 28 cos Fsin & + cos 2sin “F : cos2&
o

with no intermediate working 1s 1% A(

sindcos & sindcos




Notes for Question Continued

(b) Way 1
MI: Evidence of applying cot28= . _
tan 25
dM1: dependent on the previous M mark
Fearranges to give tan28 =k, k=0, and applies arctank
Al: Uses 907 = 8 =180° o deduce the only solution & = awrt 103.3°

Nate: Give MOMOAD for writing, for example, tan 28 = 2 with no evidence of applying cot28 = 5
tan 28

[

Nate: 1#* M1 can be implied by seeing tan 28 =

Note: | Condone 2* M1 for applying %arcranj 13 | {=13.28..}

(b) Way 2
MI: Evidence of applying cot2& =
tan 25
dM1: dependent on the previous M mark
e
Applies tan 28 E% . forms and uses a correct method for solving a 3TQ to give
— tan_
tand =k, k=0, and applies arctank
Al: Uses 907 = 8 =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 AD for no working leading to & = awrt 103.3° and other solutions which can be
etther outside or mside the range 90° < & <180°

(Q12 9MAO0/02, June 2019)

Q27.



Question Scheme Marks AOs
(@) 1—cos 28 +sin 28 l—{L—Eﬂn:S]—Eshlﬁcosﬁ
1+cos28+sin28 14+ cos28 +sin 28
or M1 21
1—mm25+ﬁn28_ 1-cos28+smm28
1+ cos28 +5sin 28 1—{2mm28—1}—2ﬂn60053
1—cos 28 +sin 28 l—[:1—25h1:6}+25m6c056'
1+c0523+sm26_1—{2.:0539—1}—251'116'::033 Al 1.1b
25in’ @+ 2sinfcosd 2sinB(sinf+cosb)
= 3 : = - - dM1 21
2eos” @+ 2sinfcosf 2cosBlcosf+sind)
=Sm€=r:u16'* Al* 1.1b
cos&
4
(b) l_co34x+s#l4x=35ﬁ12x=>tan3x=35i.1121' o.e M1 3 1a
1+ cosdx+smdx
= sm2x—3sin2xcos2x=0
=sin2x(l1-3cos2x)=0
( 52x) Al | 1.1b
=>[s1'1121'=0.}c052x=%
X =90° awrt 35.3° awrt 144.7° Al 1.1b
Al 2.1
Gl
(8 marks)

Notes




(a)

M1: Attempts to use a correct double angle formulae for both sin 28 and cos28 (seen once).
The application of the formula for cos 26 must be the one that cancels out the "1"
So look for cos28 =1 — 2sin’@ in the numerator or cos28 = 2cos’# — 1 m the denominator
Note that cos28 =cos°@ — sin’6 may be used as well as using cos’8 + sin’@ =1
1-(1-2sin’ )+ 2sinfcosf  2sin’ @+ 2sinHcosd
: or 2 .
1+(2cos’ §—1)+2sinfcosd  2cos’ §+2sinfcosd
dM1: Factonses numerator and denominator in order to demonstrate cancelling of (sinf + cosd)
Al*: Fully correct proof with no errors.

2sin 9_(5“1&%05&} sin@ 2sm &

You must see an intermediate line of ——or
2c0s6 (n_:_c_)_s_ﬁ'.+s[f1 3} cos @ 2cosé

Withhold this mark if you see. within the body of the proof.
* gotational errors. E.g. cos28=1— 2sin’ or cosé” for cos’@
* 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 28 =3sin28

1 2 2 2
Al: Obtans cos2x =§ o.e. with X 4> . You may see sin” x =§ or Cos™ X =§ after use of double

angle formulae.
Al: Two "correct” values. Condone accuracy of awrt 90, 35° 1457

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. tan2x = 3sin 2x followed by all three correct answers score 1100 .

(Q10 9MAO0/01, Oct 2021)
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Question Scheme Marks AOs
@ eg 2589 8 0s8+23(1-cos? &)) =8 » 2sin Bcos Bsec’ 8 Bl 12
cos
2tan 8(8cos 8+ 23sin” &) =8sin 20sec’ &
— 2sin B cos B(8cos 8+ 23(1—cos? &) = 8sin 28 21
sin 28(8 cos 8+ 23(1—cos” 8)) =8sin 28 7 %a
sin28(23cos” 8 —8cos8—-15)=0 MIAL
3)
(b) sin 2x(23cos” x—8cosx—15) =0
sin2x =0=x=360" or 540° Bl 2.2a
] 5
23cos” 1‘—8cosx—15=>cosx=—% Ml 1.1b
15 ]
COSX=——o = x=.. dM1 1.1b
x=360°, 540° and awrt 491° only Al 23
@
(7 marks)
Naotes

(a) Allow use of e.g. x but the final mark requires the equation to be in terms of

B1(M1 on EPEN): For recalling and using at least one correct tngonometric identity in the given equation.
e.g. one of: sin’ 6+ cos” & =1 1+ tan” 6 = sec’ &, tané = % sin26=2sinfcosd

cos

This may be seen explicitly or may be mmplied by their worlang by e.g. tanFcosf =sinf or they nught
multiply both sides by cos” # leaving 8sin2¢ on the ths implying 1+tan” 6 =sec” &

MI1: For manipulating the equation using trigonometric identities (condoning sign slips only in the
identifies and anthmetic slips) to obtain an expression of the form:

Asin28cos” #+ Bsin28cos 8+ Csin28 (=0) or 5i112|5‘|:,~1ccs]9+3c059+£'] (=0) with4d, B, C£0

Al: sin28(23cos* @—8cos 8—15)=0 ocee.g sin26(-23cos” +8cos+15) =0 cao
Note that this is not a given answer so condone notational slips e.g. cos & for cos” # provided the intention is
clear but the final equation must have no notational errors.

Note that the “=07 is not required for the M1 but 1s required for the Al
Note: some candidates arrive at the correct final answer fortuitously following errors in their worlk.

(b) Allow all marks in (b) to score if the correct equation is obtammed fortuitously in part (a)
Also allow use of 8 instead of x throughout in part (b). Correct answers, no working scores max 1000

Bl: Foroneof x=360(°) or x=540(°) Condone x=2x or x= 3x for this mark.
The degrees symbel 1s not required. This may come from cosx =1

MI1: Attempts to solve their 3TQ from part (a) or a “made up™ 3TQ (which may only be seen in (b)) leading
to a value for cosx. The general guidance for solving a 3 term quadratic equation can be applied.
Allow solution(s) from a calculator which may be implied by at least one correct value for their 3TQ.
Must be a value for cosx and not e.g. x.

dM1: Attempts to find one of their angles in the range 360 < x < 540 (but not 430) for their cosx = k where

|k| <1  May be implied by therr value(s) but must be in degrees.

Requures them to state a value for cosx. Must be checked (you can check cos(their x) = their & (1sf))
Al: x=360% 540° and awrt 491° only with no other values in range (including 4350).

The degrees symbol 1s not required. awrt 491 must come from cosx = —;—:;

(Q14 9MAO0/02, June 2023)



Q29.

Question Scheme Marks AOs
(a) | 1 . 1 _ | cosecé+1+cosecd —1 B1 1 1b
Way 1 | cosecé—1 cosec6+1 |cosec&—1)|cosecd +1) ’
2sind 2smnd
_ 2cosect _ Jcosect .., — ST 2S5 M1 | 11b
cosec f—1 cot-& l—sin" & cos &
2‘:05?-:49 _ _2 y si.n;ﬁ' Y tan Osec 4
cot & sind cos &
or Al* 21
2smn &
— =2 tan fsec H*
cCOs™
(3)
(a) “Meets in the middle™
Way 2 { 1 1 | cosecd +1+cosecd —1
| LHS = + —=| : Bl | L.1b
\ cosecd—1 cosecd+1 /|cosecd—1)(cosecd+1)
2eosecd 2eosecd
= = = = M1 1.1b
cosec F—1 cot-&
2sind  2sin’ 4
RHS=2tanfsecd="3 = "0 7
, s , cos sin & cos Al* 71
=— = Bm, = cosqec =1HS ore g QED or e g Proven
sin& cos & cot” &
(3)

Part (a) Notes

{a) Condone a complete proof entirely in x (or another variable) instead of &

Condone “=" for “="

Note that we are marking this as BIM1A]l not M1MI1AL

Bl:  Adds the fractions to obtain a correct single fraction (not fractions over fractions) in any
form. Condone missing brackets when they combine their fractions as long as they are
recovered to give a correct fraction.

This can be done 1n a vanety of ways but when combined. the fraction must be correct e.g.

cosecd +1+cosecd —1 or 2cosecd or 2cosecd
(cosecd—1){cosecF +1) {cosecd —1){cosecd =1} cosec -1
oreg. 1 . 1 _ sin & . sin & _ 2sm§% etc.
- 1 4 1-smé l+smé | l-sin'é
\ s & sim &

M1: Uses a correct Pythagorean identity anywhere 1n their attempt e_g.
cosec’@—1=cot’ &, sin’ & + cos’d =1 etc. or equivalent

Al*: Correct work with all necessary steps shown leading to the given answer. See scheme for
the necessary steps. They need to proceed via sine and cosine to the given answer. There
should be no notational or bracketing errors and no mixed or missing variahles E g
we would consider cos” & written as cos&” a notational error.
Condone reaching 2sec &tan 6%

Wav 2 (Meet in the middle)




Bl:
M1:
Al=:

Bl:

MI:

Al=:

See Way 1

See Way 1

Correct work on the RHS with all necessary steps shown leading to showing the
equivalence with the LHS. See scheme for the necessary steps. There should be no
notational or bracketing errors and no mixed or missing variables.

For this approach there must be a (minimal) conclusion e.g. "= LHS”, "QED”, “Hence
proven” etc.

It is possible to start with the rhs e.g.:

sin y 1
cos? cosd

B 2siné B 2cosect

2tan Fsecd =2

S cos’@ cot’d
_ 2cosecd 2cosecd
~ cosec’@—1 (cosecd—1)(cosecd+1)

cosecd +1+cosecd —1
{cosec —1){ cosecd +1)
1 1

" cosecd—1 cosecd+1

2cosecd
{cosect—1)(cosecd+1)

Correctly reaches 2tanfsecd =

Uses a correct Pythagorean identity anywhere 1n their attempt e.g.
cosec'@—1=cot” 4, sin” & + cos’@=1 etc. or equivalent

Cormrect work with all necessary steps shown leading to the lhs. See scheme for the
necessary steps. There should be no notational or bracketing errors and no mixed or

missing variables.




(b)

2tan2xsec2x =cot 2xsec2x Bl 22a
2tan2xsec2x—cot2xsecZ2x=0
= gec2xy| 2tan 2x—cot2x =0
2tan2x—cot2x =0= 2 tan2x = cot 2x => tan” 2x = —
or
o sin2x cos2x . 3 3
2tan2x—cot2x=0=2 =— = 2sin” 2x =cos” 2x
cos2x sm2x
- 3 . ¥ - a 1.
= 2sm 2x=1-sin" 2x = smn” 2x=—
or
5 5 5 2 M1 2.
2(1-cos” 2x|=cos” 2x = cos” 2x = 3
or
4tan x 1—tan” x
2tan2x =cot 2x = — =
1—tan~" x 2tan x
=tan* x—10tan’ x+1=0
or
sin2x  cos2x . A A
2tan2x —cot2x=0= 22— =— = 2sin” 2x =cos” 2x
cos2x sm2x
. - 1, 1
2sin” 2x =co0s” 2x=1-cosdxr=—(cosdx+1)=cos 41':5
1 - K . 4 K
Jx=tan"'——=K=x=""or 2x=sin"——=K=x=""
2 2 NE) 2
or
2 K
21’=COS_1J:=K:>I=—
3 2
or M1 1.1b
tan” x=5i2q%:>x=tan'1[ 51246 J
or
af 1) -
cosdr===4dx=rcos | = |=_3L = x==K
3 V3
x=17.6° 72.4° Al 1.1b
(4)
(7 marks)
(b) Nates




(b)

Note that attempts solve an equation of the form:

2tanxsecx =cot 2xsec2xore.g. 2tandsec d=cot 2Gsec 20 oreg. 2tandsecd =cot2xsec2x

Bl1:
M1:

MI:

Al:

Will generally score no marks in part (b)

Condone the use of ¢ instead of x here.
Deduces the correct equation using the result from part (a)
Factors out or cancels the sec2x to obtain ...tan2x* .. .cot2x =0 oceeg.
..tan2x =+, cot 2x leading to an equation of the form-
3 5 |
tan” 2x = oeeg. cot” 2x = — where @ >0
o
sin2x

cos2x .3 1
1 and cot2x =— > and then sin” 2x=+1+cos” 2x or
COS LX SN £X

Or uses tan2x =

cos” 2x =*1+sin” 2x to obtain an equation of the form sin” 2x = 4 or cos’ 2x = » oe

3 | " 1 .
e.g. cosec 2x = 5o sec” 2x=— where 0< ff<lor 0=y <l
I
2tanx | -tan” x _ . ) .
Or uses tan2x = ———— and cot2x = —— to obtain a 3TQ 1n tan” x (or possibly
l—tan” x 2tanx

in sec’ x)

sin2x cos2x L
Or uses tan2x = and col2x =— and then 2sin”2x=+14cos4dx and

cos2x sin2x

2cos® 2x = +1+ cos4x to obtain an equation of the form cosdx =4k, 0<k <1

Correct order of operations from tan” 2x =« or sin’ 2x= /7 or cos’ 2x = ¥ or cosdx =k
. ) 1
or equivalents e.g. cosec 2x=— where ¢ >0 or 0< f<lor0<y<lor D=k <1

leading to at least one value for x e g. square roots, finds mverse tan/sin/cos/cosec and
divides by 2 or inverse cos and divides by 4
or from tan” x=k, k >0 which follows their equation (may need to check) and then

finds x =tan~ \k

You may need to check their value(s) (in degrees or radians) to see if the correct order of
operations has been used. May be implied by e.g. 17.6” or 17.7° provided no incorrect
work 15 seen.

Correct values. Allow awrt 17.6° and awrt 72.4°. The degrees symbol is not required.
Ignore any values outside the range {correct or incorrect) but if there are extra angles 1n
range score AD. Answers in radians score AQ.

Note that some candidates may convert to sinx or cosx and then solve:

E.s.
tan” 2x = smz 2x = 1 = 4sin ::c-::rs f —12cos* x—12cos’ x+1=0
cos” 2x 2 [.2':05_1'_1}

- i <>
4sm” xcos” x 5
4 .2
of —————— > 12sm x—12sm  x+1=0

(1-2sin” x|

5 A + . ’ +
= cos x/sin x= 3 -Jg =cosx/sinx=1% 3 ;E = x=176% 724"

6

These can be marked in a similar wav.




Alternative not using part (a):

1 1

+ =cot 2xsec 2x
cosec2x—1 cosec2x+1

2cosec2x ,
——————— =cot2xsec2x
cosec 2x—1

2eosec?x cos.?.rx 1 5
= = cosec2x

cot’2x  sin2x cos2x
2 2 1
= 2tan" 2x=1=tan 2x=5

Scare as:

M1: For correct work leading to one of the forms 1n the main scheme e.g.

3 s |
tan~ 2x = oee.g. col” 2x = — where & >0
o

or

1 > 5 I - I
sin2x= /7 or cos” 2x =y oeeg cosec ly= _;’ or sec” 2x=—
¥

where O0< fF<lor 0<yp<l

. 3 1 ) . 1
Bl:  Any correct equation e.g. tan- 2x = —_ cot 2x =2, sin” 2x = — etc.
2

Then M1A]l as main scheme

(Q08 9MAO0/02, June 2024)
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(a)

sin(x+30°) =sin x cos 30° + cos xsin 30°
Attempts to use ) .
cos(x+30°)=cos xcos30° Fsin xsin 30° M1 2.1
:>isi.u.1'c053{}°:-:05.1'5.'1'1130'3i\El{icou'cos?-o"ismxsm?-ﬂc’}
C_orrect eXpression | o Al 1 1b
5;1nx-:0530°—-:Ds_1'su130°—-\E{msxms30”—51111‘51n30°}
, o 1 RVE]
States or implies that sin 30 == and cos30°=—
A & B \ - Al* 2.1
=Tjsinx—écosx+ﬁ —acosx—lsmx =2cosx *
(3)
(b) 2cosf=3smn28 = 2cosf =6sincosd Ml 2.1
sinf=L Al 1.1b
.1
f=arcsin—= 0= dM1 1.1b
(6=) awrt19.5°, awrt160.5°, 90° Al 2.2a
(4
(7 marks)




Notes:

(a)

M1:

Al

Al*:

Condone a complete proof entirely in 6 (or another variable) instead of x.

Do not be concerned with the omission of degrees.

Attempts to use both compound angle expansions to set up an expression in sin x and cos x
ie. +sin xcos30°+cosxsin 30° £ /3 (+cosxcos 30° £ sin xsin 30°)

The terms must be correct but condone sign errors and a slip on the multiplication of the

ﬁ if they attempt to multiply out the brackets. (The J3 may be omutted entirely)
This mark may be implied by further work

s

3. .1 3 1.
e.g igsmxizcosxi\ﬁ iTcosx:Esmx

i

Correct expression sin xcos30°+cosxsimn 30°+V‘§(cos xecos30° —sin xsin 30“‘;] 0.e.
May be implied by

V3

1
X sinx+—cosx++/3
2 2

.

(or implied 1f multiplied out)

3 1 .
—COSX——SInX
2 2
Proceeds to the given answer with no errors seen including invisible brackets (condone a
missing trailing bracket). We must see the exact numerical values used for sin30° and
cos30° before proceeding to the given answer.
Minimum required

=2cosx which scores M1AIAL*

3 1 .
—CO5X——sSIX
2 7

“

gsjﬂx+%cosx+v§

sin xcos30°+cosxsin30° + Jg{cos xc0s30°—sinxsin30°)=2cosx scores M1A1AD*

There should not be any notational or bracketing errors and no mixed or nussing variables.

Alternative for part (a)

M1:

Al:
Al#®:

‘Writes the left hand side of the equation as

%sﬂ1{x+30°]+£ccs(.¥+30°] = sin 30°sin (x+30°)+ cos30° cos(x +30°)

. i

Correct expression for sin30°sin(x+30°)+cos30°cos(x+30°)=cosx

Proceeds to the given answer sin (x+30°)++/3 cos(x+30°) = 2cos(x+30°—30°) =2cos x

with no errors seen including invisible brackets (condone a missing trailing bracket).
There should not be any notational or bracketing errors and no mixed or missing variables.




Alternative part (a) — using the R-alpha method
M1: Stateseg Rcos(x+30ta) =J§cos(x+ 30) Fsin(x+30)
and attempts to find either R or o correctly. (may be implied)
Al: Achieves 2cos(x+30-30)
Al*:  Achieves 2cosx with no errors seen and both stages of working showne g

* States (Rcos(x+30+a)=) ﬁcos(r+30)coscx¢5.‘1’u(x+30)sj.ucx oe

1 _ : _
* Shows R=+1+3=2 and tzmor.:[ —= | o0.e. e.g usmg cosine or sme

A3

(h) Condone the use of x for 8 and mixed variables
M1: Sets 2cos@=3sin28 and proceeds to Acos6=BsinBcost _(allow 4=5)
May be implied by sin8=Fk (k=0,1)

Al .-sj.n.‘.f'r'=l
3

dM1: Finds at least one of their values of & for their sin 8 =k (k= 0,1) It is dependent on the
previous method mark. You may need to check their value(s) (in degrees or radians) but
may be implied by e.g. awrt19° (or awrt 20°) or awrt161° (or awrt160°)
(awrt 0.34 or awrt 2.8 in radians)

Al:  Deduces that (=) 90°as well as giving (£ =) awrt19.5°, awrt160.5° with no other values

in the given range (ignore any found outside of the range)
The degree symbol 15 not required. (Note the angles are 19.4712206.. .and 160.528779...)
Answers in radians score AOQ.

(Q14 9MAO0/01, June 2025)

Q31.



) (n=)3 Bl 2.2a
(1)
(ii) 30 solutions or e.g. each interval of length 7 has 6 solutions B1 22a
e.g., Each interval of length 7 has 6 solutions, and there are 5
. . dB1 24
mtervals of length 7, so0 5x6=30 solutions.
(2)
(3 marks)
Naotes
(i)
Bl: cao(p=)3
(ii)
B1l:  Either:
¢ Deduces 30 solutions
+ or deduces the correct total number of solutions for sin(xx) = k and sin(nx) =—k
(or sin’(nx) = k) in any relevant interval (0 to x, 27, 47 or 57)
+ or deduces the correct number of solutions 1 0 to 57 for either sm(nx) =k
or sin(px) =—k
¢ or deduces the correct total number of solutions for sin(x) = k and sin(x) =k
m any relevant interval (0 to 7, 27, 47 or 57)
dB1: Requires 30 (solutions) and correct justification comprising all the elements in one of the

bullet points below. See the tables on the next page for the correct values.

* Deduces the correct total number of solutions for sin(nx) = k and sin(px) = —k
(or sin*(nx) = k%) in any relevant interval (0 to 7, 27 or 47) and scales the interval to

Oto 57
+ or deduces the correct number of solutions in 0 to 57 for sin(nx) =k
and for sin(mx) = —& and then adds
+ or finds the total correct number of solutions for sin(x) = k and sin(x) =—k
m any relevant interval (0 to 7, 27, 47 or 57) and then scales the interval to 0 to 57 and

multiplies by 3

Just stating e.g. 2x6x 2.5 1s mnsufficient for the dB1 mark without further justification.
There are many acceptable vanations, and some examples are below and on the next page.




Some examples:

¢ 6 solutions m each interval of length 7 (B1) and 5 intervals of length 7 so 30 (dB1)

e 12 solutions in each mterval of length 27 (B1) and 2.5 intervals of length 27 so 30 (dB1)
e 2 solutions for sinx = kup to 27, so for sin’x there are 4 per 27 (B1)

and since 0= x < Srthen 0< 3x <157 s0 %x4=30 (dB1)

i

¢ Double the 6 solutions since sin(rx) = =k (or sin’(nx) = k) so0 12 (B1) and so 24 in 47,
hence 30 in 57 (dB1)

s 16 solutions for sin(nx) = k (B1) and 14 (solutions) for sin{nx) = -k — 30 (dB1)

1—cos(6x)

5 and as cosx = k has 5 solutions 1 0 to 57 (B1) and so cos6x has

e sin’ (Bx;] =

5%6 =30 (dB1)

Graphical approaches may be used but these must be convincing, clearly showing the correct
number of solutions in one of the relevant intervals. Be lenient with the shape of the curve.
e.g. 30 solutions in 0 =< x < b [with 6 solutions on, for example, either sketch below]

y=sin’(3x)0 < x<m y=sin(3x)0 € x<mn

——fe e e

Note that a sutable graph of sinx showing, e g. 10 solutions up to 5, followed by 30
(calculation of %3 clearly implied) would also be eligible to score the dBI.




The following are examples of an incorrect justification but scores B1dB0 for reaching 30:

For reference, the tables below show the total number of solutions for each branch of sin® (nx)= k*

sin(nx) = k has 3%6 solutions in the interval 0 to 5, sin(nx) = —k has 3 x4 solutions (in the
interval 0 to 57) so 18 + 12 = 30 solufions in total.

sin(nx) = k has 15 solutions in the mterval 0 to 5, so for sin’(nx) has 15%2 = 30 solutions
in total.

with n = 3 and the bold values score the first Bl provided they are in the correct interval.

0 < x<m 0 < x<2m 0 < x<4m 0 < x<5m
sin(nx) =k 4 6 12 16
sin(nx)=—k 6 12 14
Total solutions 6 12 24 30
and n = 1 for those that deal with nx (3x) last.
0 < x<m 0 < x<2m 0 < x<4m 0 < x<5m
sin(x)=k 2 2 6
sin(x)=—k 0 2 4 4
Total solutions 4 10

Q32.
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Question Scheme Marks AOQs
(a) R=45 Bl | L1b
1 _ 1 2
tang =— 0T = M cosag=—s=">a=...
an > sin or NG cosa NG a M1 1.1b
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
=>ri=..
=116 Al 1.1b
3)
() 3+ 2+/5c0s(0.5¢+0.464)=0
(0.5¢t+0.464) 3 M >4
cos( 0.5+ 0.4 =——F
NG
cos(0.57+0.464) 3 = 0.57+0.464 = co 1| =
s 0.5 A464)=——F b 464 =cos™ | —
2 L 2J5)
. ) dM1 1.1b
. , 2 \
— 7 -1y _ - 0
= 1=2 cos [ zfa.-‘ 0.464}
So the time required 1s e g.:
2(3.977...—0.464) — 2(2.306...— 0.464) dM1 | 3.1b
=334 Al 1.1b
)
() e_g. the “3” would need to vary B1 3.5c
(1)
(11 marks)
Notes
(a)
B1: R =5 only.
M1: Proceeds to a value for ¢ from tan o = il Of sing = iL O cosar = ii
¥ |~R|~ ”_R“

It 1s implied by either awrt 0.464 (radian;) or awrt 26.6 (degrees)
Al: a=awrt 0.464

(b)(x)

Bift: For I[S + E\X{E}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 R. (Allow in decimals with at least
3sf accuracy)
(b)(a)
M1: Uses 0.5r£"0.464" = 21 to obtain a value for ¢
Follow through on their 0.464 but this angle must be 1n radians.
It 15 possible 1n degrees but only using 0.5/ ="26.6" =360
Al Awrt11.6




Alternative for (b):

. dH .
H =3+4005(O.5r}—25m{D.SI)ZDT=—25111{0.5f)—cos(0.5r)=0
dr '

1
= ’ran[D.SI)=—?:> 0.5t=2.677...5.819..==536.11.6

-

t=116=H=747
Score as follows:
M1: For a complete method:

dH dH
Attempts ’n and attempts to solve % =0 fort
I

Al:Fori=awrt 11.6
Bift: For awrt 7.47 or 3 + 2« Their B

(c)
M1: Uses the model and sets 3+2"~/5"cos(...)= 0 and proceeds to cos(...) = kwhere [k

Allowe.g 3+ 2"«4@”005(...] <0
dM1: Solves cos(0.5f£"0.464") = k where \Fr | <1to obtain at least one value for ¢

<1,

2

Y { £
This requires e.g. 2[ﬁ+cos': (k)xtan™ (%]J ore.g. 2[ xT—COE_l(k]itan'lll}J
. \ 2
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 r when A 1s 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:
3

jf af 3 af 1 . 4 30 af l 7 00
-LFP—CD? \EJ_HH IT — 2| m—cos \EJ_HH == 7.02685.,..—3.68492_.,
245 \ 2 NE 2

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

{ 3 Y
2 2(;?—tan'l[ln—l[ﬁ—cofl{—]—tan"l(l]]]=2(5.35589...—3.68492...]
L 2 25 2))

. i 3 ".I
Note that both of these examples equate to 4cos ™ [ E J which is not immediately obvious

but may be seen as an overall method.
There may be other methods — if vou 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 o and havee.g. 3+ 245 cos(0.57—0.464), this has no

impact on the final answer. So for candidates using 3+ 2«.-{_’: CDS{:U‘.ST s 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:

0.5:+"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 <37
then it must be sensible e g_a trigonometric function rather than e g_a quadratic/linear one.

(Q15 9MAO0/02, Oct 2021)



Q33.

Question Scheme Marks | AOs
(a) R=+22+8 =68 =217 Bl |LIb
2cosfd+8smb=ReosFeosa + Rsin&sin o
2=Rcosa’3 8=Rsing M1 116
lang =——o =...
2

= awrt 1.326 Al | 22a

(3)
(b)(i) 4.5x"24f17" M1 [1.1b
9417 Al 2a
(if) awrt 1.33 Blft |22a

(3)
(6 marks)

Notes

(a)
Bl:R=2J17 or 8.
_"’Jﬁ or +4/68 score BO
(Condone if this comes frome g 8= Rcosr 2=Rsina)
Decimal answers score B0 unless the exact value 1s seen then apply 15w.

8 2 . 8
M1: Proceeds to a value for ¢ from tana =T —, cosa =T .sma =1
2 ] I||68|| LL] |||6 ]

May be mmplied by awrt 1 33 radians or 76 degrees
Al: awrt 1.326 for a. Apply 1sw if this is then subsequently rounded to e g 1.33

(b)(1)
M1: For a value of 4 5xtheir R or allow = 4 5R (with the letter R)

But not embedded in an expression e.g. 94/17 cos (& — & ) unless extracted later.
Note that the sum may be found as 9cos x + 36sin X with the maximum then found using calculus

eg. S=9cosx—365i.nx::>§=—95inx+36c05x=ﬂ::>tanx=4:>sinx=i‘ -cr:-SJr=L
dx W17 V17

= 9c0sx + 36510 X =94/17. This will score M1 once they reach £4 5 their R
May be umplied by 9-;,1"1_'.-' or awrt 37.1 (which may come from a graphical method)
May also see e.g. Max(9cosx+36sinx )= O +36° =
Al: 0417 or exact equivalent e.g. 1377, 4.5./68. 4.5(2/17 | and apply isw once a correct answer is

seen
(ii)
Blft: awrt 1.33 {or follow through on their @ even if in degrees (76). no matter how accurate)

(Q08 9MAO0/02, June 2023)
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Question Scheme Marks AOs
a , . sin &
® 55m2§=9mn5':>105;m6'r:053=9><gmﬂ
cos M1 3.1a
Acos’8=B or Csin“@=D or Pcos' @sinf=0siné
For a correct sumplified equation 1n one trngonometric function
i Al 1.1b
Eg 10cos’8=9 10sin° @=1 oe
Cormrect order of operations For example
5 .19 dhil 21
. = = A+ —_—
10cos” 8=9=10 areos{_),1||m

Any one of the four values awrt & =%184 +161.6° Al 1.1b

All four values & =awrt £18.4° £161.6° Al 1.1b

& =0° £180° Bl 1.1b

(6)
Attempts to solve x—25°=—18.4" M1 1.1b
x=66° Alfi 22a
2
(8 marks)
(a)
M1: Scored for the whole strategy of attempting to form an equation in one function of the form given in the
iné&
scheme. For this to be awarded there must be an attempt at using sin 2@ =...sin@cos @, tan & = — 5 and
COSs

possibly *l+sin® @ = +cos” @ to form an equation in one "function" usually sin® @ or cos” @
Allow for this mark equations of the form P cos’ @sin@ = Qsinf oe

sin

Al: Uses the correct identities sin 26 = 2sin@cos# and tand = to form a correct simplified equation

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

equivalent correct equations such as 10 =9sec” # which is acceptable, but in almost all cases it is for a
correct equation in sin& or cosé
dM1: Uses the correct order of operations for their equation, usually in terms of just sin# or cosé, to find at
least one value for # (Eg. square root before invcos). It is dependent upon the previous M.
3 + +
Note that some candidates will use cos™ @ = ng_l 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 (.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% ="@" where ¢ is a solution of their part (a)
Alft: Forawrt x = 6.6°but you may ft on their £+ 25°where —-25<8 <0

If multiple answers are given, the correct value for their & must be chosen

(Q06 9MAO0/01, June 2019)



Q35.

Question Scheme Marks AOs
(a) K =500 Bl 1.1b
480
tang =—— = =... M1 1.1b
140
o =awrt 73.74° or 500cos(H +73.74)° Al 1.1b
3)
(b)(i) R =1000+500cos(30f +73.74)°
or Blft 33
R=1000+140cos(30r)°—480smn(307)°
(b)(ii) {R =}300 Blft 34
(2)
(c) t=35=R="1000"+"500"cos(30({3.5)+"73.74" |° = . M1 34
R=awrt 500.1___
Al 3.5s
so the model 15 reliable a
(2)
(d) sin(306+70)°=-1=30t+70=270=30f=... (or t = ..)) M1 34
-' 20
3Uf-2l[JU|nrr—?| Al 1.1b
" " " L] I I L] 20 LL} ] " "
R="1000"+"500"cos| 30| ol A
o ' dM]1 34
or
R="1000"+140cos("200")°— 48051 (" 200")"
R=1032 {or 1033) Al 1.1b
4)

(11 marks)

Naotes

Note: Candidates working in radians are able to score all the M and B marks 1n this question.
Condone the absence of the degrees symbol throughout the whole question.

(a)
Bl: Correct value for K. Condone R = 500
Ml: Award for tanc:r:iﬂ:’u‘:....tanc:r=i@=>&‘=.... sior == 480 = o= or
14 500"
cosa =T 140 ==
llSOO”

Note o =awrt 1.3 (rad) implies this mark.
Al: o = awrt ?3.?4{'3} or correct expression S00cos|{ 8+73.74) {3}
(b)(1) Note: mark parts (b){1) and (b)(11) together.

Blft: Correct equation of the model in either form mcluding the R = following through on their
numerical K (0 < K, 750) and their numerical a.

Allow fore.g. R=1500—"500"+"500"cos (30t +"73.74"}{*} or for
R=1500-"500"+140cos(30¢)°—480smn(30¢)° butnote.g. R=1500—-K +Kcos(30r+ )"

R=1000+140cos30r —480smn30¢ (without the brackets) 1s correct.
Allow this mark if they have truncated or rounded an otherwise correct a (to 3s.£)




(b)(11)
Blft: 500 or follow through on (their 4 — their K) or (1500 — 2 = their K) provided 1t 1s non-negative
and less than 1500. It must be clear this 15 their answer to (b){11) so expect to see e g (b) or

R = or an indication 1t 15 the minimum.

an

(c) Note: 1f ¢ 15 used 1n place of 30f then they must revert back to 30f correctly to access the
marks.

MI1: Substitutes = 3.5 into their model for the number of rabbits (yvou may need to check i1f no
method is shown)

or substitutes £ = 3.5 into their cos(30r + & )°
Condone substitution of a value of 7 in the range 3 , ., 4.5 for this mark.
Al: R=awrt 300.1... or 500 (not awrt) following substitution of # = 3.3_ suggesting that the
model 15 valid/reliable/appropriate/good.
or cos{30(3.5)+73.74 :I{C'} = —1 suggesting that the model 15 valid/reliable/appropriate/good.

Allow this mark if they have truncated or rounded an otherwise correct & (to 3s.1)

Alt:

MI1: Minimum occurs when 4+ Kcos(30t+ )" =R, = cos(30t+a )" =1 with |/i|,, 1
leading to 1 =...
May just see cos(30r+73.74)"=—1=1t=_. (ortheir cos(30t+|"=—1=r=..)
30t + er =180 = ¢ = ... 1implies this mark. Condone 30¢ + ¢x = 7 = ¢ =... for this mark.

Al: t=3.54... (1.e. the middle of Apnl) so the model 1s valid/reliable/appropniate/good.
Do not condone incorrect statements. e.g., { =3.54... 1.e. the middle of March so close to

middle of April Ifusing A+ Keos(30t+a )" =R then R, must be = their 4—their K

TN

Allow this mark if they have truncated or rounded an otherwise correct & (to 3s.1)

Alt 2 using differentiation (Condoned)
M1l: Condone finding the minimum using __sin(30r+73.74)"=0=r=___ (or their

s (30+a)"=0=r=_)

30+ =180=r=_. implies this mark. Condone 30+ o =7=+¢=... for this mark.
Al: t=3.54... (1.e. the middle of Apnl) suggesting that the model 1s valid/reliable/appropriate.

Do not condone incorrect statements. e.g.. 1 =3.54... 1.e. the nuddle of March so close to

muddle of April.

. dRr
The complete derivative for l:l_ does not need to be seen.
!

Allow this mark if they have truncated or rounded an otherwise correct o (to 3s.1)

(d) Note: 1f & 1s used in place of 30¢ then they must revert back to 30¢ correctly to access the
marks.
M1: Realises that sin(30f+70)°=—1, reaches 30+ 70=270 or —90 and attempts to find ¢ (or 30/)

Condone attempts using differentiation. The minimum occurs when cos(30r+70)"=0=
30e+70=270=30r=... {orf=_..). They must use 270 or 90 and not 90 to achieve the

mimmum. Condone 307 + o = 3?_‘— =t = ... for this mark but net 30t+ o = % =i=_...

Al:  Correct value for 30¢ (or f) Accept rounded or truncated values to at least 3s.f e.g. 6.66 or 6.67

dM1: Substitutes their value of # = 0 (or 30¢ = 0) coming from 307+ 70 =270 into their model for R

Al:  Correct number of rabbits. Allow 1032 or 1033 but must be whole numbers and not just 1030.
Allow this mark if they have truncated or rounded an otherwise correct a (to 3s.£)

(Q12 9MAO0/01, June 2024)
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Question Scheme Marks AOs
@) R=45 Bl 11b
tma=2=a=_ M1 1.1b
a=1107 Al 1.1b
3)
. e
6=5+55im| 2 +1.107-3)
12 )
(b) (5+4/5)°C orawrt724°C Blft 22a
(1)
(c) L Fia
ﬁ_l'lo?_?':?:”: M1 3.1b
t=awrt132 Al L.1b
Either 13:14 or 1:14 pm or 13 hours 14 minutes after midmght. Al 32a
(3
(7 marks)
Notes:
(a}

Bl: R=5 only.
M1: Proceeds to a value of @ from taner =42 tana = il,a'in a =i%DR Cos& = i“L

It 15 implied by either awrt 1.11 (radians) or 63 4 (degrees)

Al: g =awrt1.107

(b)

- - = =Y a . -
B1ft: Deduces that the maximum temperatuze 1s (35¥5) °C or awrt 7.24°C Remember to isw

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

(c)

M1: An complete strategy to find  from ]—_1 107-3= 3

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

Al: awrt r=132
Al: The question asks for the time of day so accept erther 13:14. 1:14 pm. 13 hours 14 minutes after
midnight. 13h 14. or 1 hour 14 munutes after midday. If i doubt use review

It 15 possible to :{ttempt parts (b) and (c) via differentiation but 1t 15 unlikely to yield correct results.

dé = [ ()
P vl q—3|— 12—31=0:>r:m
1ﬁ—cos| 17 I 7sm| ——3J 0:>r'm| ——3 |—

i hY
It—i—_? |=%=>:=13.23=13:14 scores M1 A1 Al
¥ ’|| 8

=1=13.23=13:14 they can score M1 A0 Al (5C)

A value of =123 implies the minimum value has bcm found and therefore incorrect method MO.

(Q06 9MAO0/01, Oct 2020)



Q37.

Question Scheme Marks AOs
(@) cos 34 = cos (24 + 4) = cos 24cos 4 — sin 24dsm A M1 3.1a
=(2cos® A—1)cos.A—(2sin 4cos 4)sin 4 dM1 1.1b
—(2cos® 4-1)cos 4—2cos 4(1-cos’ 4} ddM1 21
=4cos’ 4—3cosA* Al* L1b

4)
(b) l—cos3x=sin*x=cos’x+3cosx—4cos®x=0 M1 1.1b

= COS x{4r:cus: X—Cos x—_’u:] =0
= cosx(4cosx+3)(cosx—1)=0 dM1 3.1a
= Cosx=..

Two of —00°, 0, 90°, awrt 130° Al 1.1b
All four of —Q0°, 0, 00°, awrt 1307 Al 21

4

(8 marks)
Notes:

(a)
Allow a proof in terms of x rather than A
M1: Attempts to use the compound angle formula for cos(24 + .4) or cos{4 + 2.4)
Condone a slip in sign
dM1: Uses correct double angle identities for cos 24 and sin 24
cos24 =2cos’ 4—1 must be used. If either of the other two versions are used expect to see an attempt to
replace sin’4 by 1 — cos’d at a later stage.
Depends on previous mark.
ddM]1: Attempts to get all terms in terms of cos A 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:

deos® A—3cosd= cos_-i{n‘lcos: _i—3::| = cosA[Ecos: A-1+ 2[:1—s.i.ﬂ: _4)— 2) =cos.d(cos 24 —2sin’ _-1)
=cosAcos 24 —2sin Acos Asin A =cos Acos24d—sin24dsin 4 =cos(24+ ) =cos34

Score M1: For 4cos’ 4—3cosA= cos:l[l4 cos’ A—E]
dM1: For cosA{E cosl_4—1+2[:1—5inl_4:|—2:] (Replaces 4cos’ 4—1by 2cos’ 4—1 and Z{I—Sinl A))

ddM1: Reaches cos Acos2.A4—sin2.4dsin A
Al cos(24+ A)=cos34

®
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 o
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 ¥ to reach at least one non zero value for cos x.
May also be scored for solving the cubic equafion in cos x to reach at least one non zero value for cos x.

Al: Two of —00°, 0, 90°, awrt 139° Depends on the first method mark.

Al: All four of —00°, 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):



1—cos3x =sin” x = 1—cos3x :%{l—cos 2x)

= 2—2cos3x=1-cos2x

=1=2cos3x—cos2x
=1=2(4cos’ x—3cosx)—(2cos’ x-1)

3 bl
=0=4cos" x—3cosx—cos x

The M1 will be scored on the penultimate line when they use part (a) and use the correct 1dentity for cos 2x

(Q10 9MA0/02, Oct 2020)

Q38.
Question Scheme Marks AOs
(a} - . { v ‘11
Attempts to use c032r=1—25m"r:>%=1—2'1123 j M1 2.1
(x-3) ' 2 Al* 1.1b
= y—4=2-4x y = y=6—(x-3) * : :
()
(b) )
M1 1.1
b ()
shaped
[ENA! parabola
e Fully Al 1.1b
= ~ correct
2 52 with
— ‘ 'ends’ at
(1.2) &
u X _
(5.2)
B1 24
Suitable reason : Eg statesas x=34+2sinr, 1< x <5
3




(©) Either finds the lower value for k=7
B1 22a
or deduces that & < %
Finds where x+v=Fk meets y=6—(x—3)°
. _ M1 31a
= k—x=0—(x—3)" and proceeds to 3TQmxory
Correct 3TQ inx ¥ —Tx+(k+3)=0
Al 1.1b
Ory VH(T-2k)y+(k* —6k+3)=0
; , (37
Uses b" —dacr=0= 49-4xIx(k+3)=0=k= T]
or M1 2.1
. 2 3 '3? A
(7-2k) —4x1x(k" -6k +3)=0=k=| 1
Range of values for k= {i’r T=k=< %} Al 2.5
(%)

(10 marks)




(a)
M1: Uses cos2t =1—2sin’ f inan attempt to elinunate ¢
Al*: Proceedsto y=0— {:x -3 }1 without any errors

_ 2 _ . _ ]
Allow a proof where they start with v =6—(x—3) and substitute the parametric coordinates. M1 is scored

for a correct €052t =1—2sin” £ but Al is only scored when both sides are seen to be the same AND a
comument 1s made, hence proven, or sinular .

(b)

MI1: For sketching a () parabola with a maximum in quadrant one. It does not need to be symmetrical

Al: For sketching a (" ) parabola with a maximum in quadrant one and with end coordinates of (1. 2] and
(5.2)
B1: Any suitable explanation as to why C does not include all points of y=6—(x—3)". xck

This should include a reference to the limits on sin or cos with a link to a restriction on x or y.
For example

‘As —l=sinf=1 then 1< x< 5 Condone in words “x lies between 1 and 5° and strict mequalities
*As sint =1 then x<5° Condone inwords ‘xis less than 5°

‘As —1=cos(2) =1 then 2< v<6 " Condone in words “y lies between 2 and 6

Withhold if the statement 1s incorrect Eg "because the domainis 2<<x= 5"

Do not allow a statement on the top limit of v as this 1s the same for both curves

(c)
B1: Deduces either

s the correct that the lower value of ¥ =7 This can be found by substituting into (3,2

x+y=k=k="Torsubstituting x =5 nto X —Tx+(k+3)=0=25-35+k+3=0
=k=7

* or deduces that & < ? This may be awarded from later work

M1: For an attempt at the upper value for i

Finds where x+ v =k meets v=6—(x—3)" once by using an appropriate method.
Eg. Sets k—x=6—(x—23) and proceeds to a 3TQ

Al: Correct 3TQ X —Tx+ (k+3) =0 The = 0 may be imphed by subsequent work

M]1: Uses the "discriminant” condition. Accept use of b° = 4ac oe or b*._4ac where .. is any inequality

leading to a critical value for k. Eg one oot =49 —4x1x(k+3)=0=F =3—;

&

[ 37 37
Al: Range of values for k= {k: 7<=k < T} Accept ke {?T | of exact equivalent

ALT As above B1 2.2a

Finds where x+ v =k meets y=6—(x—3) once by using an

appropnate method. Eg. Sets gradient of v=6—-(x— 3}: M1 3.1a

equal to —1

—2x+6=—1=x=35 Al L.1b

Finds point of intersection and uses this to find upper value of .

y=6-(3.5-3)" =5.75 Hence using k=3.5+575=9.25 M1 21

Range of values for k= {fr:?f,{ k= 9_25} Al 25
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Q39.

Question Scheme Marks | AOs
dv _(2sin@+2cos#)3cosf—3sinf(2cos@—2sin6) 1‘:11 HE
dé (2sinf+2cos8)’ '
Expands and uses sin” 6+cos” @ =1 at least once in the numerator or the

denonunator . M1 31a
oruses 2sinfcosf=sm 28 mn :;,;1:
dg Csinfcosd
Expands and uses sin” @+ cos” @=1 the numerator and the denominator
ANDuses 2smBcos&d=sm28 in :}d—1:L M 21
dd Q+Rsm2d
dy 3 s
= 2 - - = '{ Al 1.1b
d@ 2425028 14sm28
(5 marks)

Notes:

M1: For choosing either the quotient, product rule or implicit differentiation and applying 1t to the given

dy dy

function. Look for the comect form of é (condone 1t bemng stated as d_::} but tolerate ships on the

d(sin & d(cosé

coefficients and also condone (sinf) =tcos8 and L"J =Tsmnf

dg dé&
] dy (2smé&+2cosf)xt cosf—-3sinf(E cosft _sind)

For quotient rule look for —=- - 5

dé (25in8+2cos @)

For product mule look for

%:{25m5+2c056‘}_1 <+ _.cos@+3sin@x(2sinf+2cosf) x(+..cosft._ sind)

&

Implicit differentiation look for(...cos@* . smnf)y+(2sinf+ 2cosF) FY i a8

. - dy o . dy
Al: A correct expression mvolving é condoning 1t appearing as i

M1: Expands and uses sin’ @+cos” @=1 at least once in the numerator or the denominator OR uses

2sinfcosf=sm28 in ::»ﬂ: -
dd . Csinfcoséd
M1: Expands and uses sin’ 6+cos” @=1 in the numerator and the denominator AND uses

2sin fcos @ =510 28 1n the denominator to reach an expression of the ft:ﬂnﬂ = L .
dfé (Q+Rsin2f

3 ¥
Al: Fully correct proof with 4 = — stated but allow for example ;
2 l+sin28

Allow recovery from nussing brackets. Condone notation ships. This is not a given answer
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Q40.

Question Scheme Marks | AOs
"avl‘lfl—ﬁ] Ml | 12
g 2 =
20 2
’a+£|(1—a—l\]=(]:>""a+l—a—j=ﬂ =Sa= dM1 | 1.1b
Z 2 ‘ 2 ] . 2 4 N
a =-0.243 (3dp) only Al 23
(3)
f'{0)=%cos{}:.‘>...=.‘>.1‘=...x+3 M1 1.1b
1
.1":;.1’+3 Al 1.1b
2)
(5 marks)
(a) Note on EPEN this is M1A1A] but we are marking this as M1dMI1Al
Accept to be in terms of o or another variable e.g. x
Naote: —0.243 with no working is 0 marks
MI1: Fully substitutes cosx=1- %— into the demivative.
dM1: Attempts to multiply out to achieve a 3TQ (= 0) and attempts to find a value for « . Condone slips.
Allow solving the quadratic via any method {usual rules apply).
If they use a calculator then voun may need to check this.
Al: (a=)—0.243 only cao Can only be scored provided a correct 3TQ 1s seen. If both roots found then
the other one must be rejected (or a choice made of —0.243 & g underlining it or a tick)
Condone x =-0.243
(b)
MI1: Attempts to find the gradient of the curve when x =0 and achieves an equation of the form
y="f"{0)"x+3.
x =) must be fully substituted in and a value must be found for the gradient. Do not allow this mark
if they attempt to use a changed gradient e g the gradient of the normal
Also allow attempts using the small angle approximation:
" ]. ( .'('l ) ] " l " wot "
f'(x) = 21‘+;| I_T 1 when x=0, f'(0)= 5 = p="{0)"x+3
Al:  »= %1‘ + 3 or equivalent in the form y =mx + ¢ 1sw Stating just the values m = 0.5, ¢ =3 without

the correct equation 15 A0
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