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1. 9709/32/F/M/18 Q3

Question Answer Marks
3(1) State correct expansion of cos(3x +x) or cos(3x - x) Bl
. . M1
Substitute in %(cus 4x +cos2x)
Obtain the given identity correctly AG Al
3
2. 9709/31/M/J/18 Q2
Question Answer Marks
2(i) Use trig formulae and obtain an equation in sin x and cos x Mi1*
Obtain a correct equation in any form Al
Substitute exact trig ratios and obtain an expression for tan x M1(dep*)
~(6+8) Al
Obtain answer tan x = ————— or equivalent
()
4
2(i) State answer, e.g. 118.5° B1
State second answer, e.g. 298.5° B1ft
2

3. 9709/32/M/J/18 Q2

Question Answer Marks Guidance
2 Use correct tan (A4 = B) formula and obtain an equation in tan € Ml | tanftan45 _ 2 Allow M1 with tan 45°
tanf  tan@+ tan45
I 1—tand
tand tand+1

Obtain a correct equation in any form A1l | With values substituted

Reduce to 3tan’@ = 1, or equivalent Al

Obtain answer x = 30° A1 | One correct solution

Obtain answer x = 150° Al | Second correct solution and no others in range

OR: use correct sin( A+ B) and cos( 4+ B) to form
equation in sin@ and cos@

MI1Al

elc.

N ong_l 2 1 24 3 2
Reduce to tan ﬁ73,s1n 074wcns {)740ru)l g=3

1 1

Al
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4. 9709/32/M/J/18 Q4

Question Answer Marks Guidance
4(i) Use correct double angle formulae and express LHS in terms of M1 | 2sinx—2sinxcosx
cos x and sin x ]7(2mg:){7|)
Obtain a correct expression Al
Complete method to get correct denominator e.g. by factorising M1
to remove a factor of 1 —cosx
Obtain the given RHS correctly Al
OR (working R to L):
sinx 1-cosx sinx—sinxcosx MIAIL Given answer so check working carefully
x =
14+cosx l-cosx 1-cos” x
_ 2sinx —2sinxcosx
2-2cos’x
i - 2
_ 2sinx —sin2x MiAIL
1-cos2x
4
5. 9709/33/M/J/18 Q5
Question Answer Marks
5(1) Attempt cubic expansion and equate to 1 M1
Obtain a correct equation Al
Use Pythagoras and double angle formula in the expansion M1
Obtain the given result correctly Al
Total: 4
5(it) Use the identity and carry out a method for finding a root M1
Obtain answer 20.9° Al
Obtain a second answer, e.g. 69.1° AIFT
Obtain the remaining answers, e.g. 110.9° and 159.1°, and no others in the given AIFT
interval
Total: 4
6. 9709/33/M/J/18 Q7
Question Answer Marks
1(1) State answer R = /5 Bl
Use trig formulae to find tan & M1
Obtain tana =2 Al
Total: 3
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7. 9709/31/0/N/18 Q6

Question Answer Marks
6(i) Rearrange in the form /3sinx —cosx =+/2 Bl
State R =2 B1
Use trig formulae to obtain « M1
Obtain a = 307 with no errors seen Al
4
Question Answer Marks
6(i1) . (2 Bift
Evaluate sin™ | —
R
Carry out a correct method to find a value of x in the given interval M1
Obtain answer x = 75° Al
Obtain a second answer e.g. x = 165° and no others Alft
[Treat answers in radians as a misread. Ignore answers outside the given interval. ]
4

8. 9709/32/0/N/18 Q2

Question Answer Marks Guidance
2 Use trig formula and obtain an equation in sin& and cos@ M1* | Condone sign error in expansion and/or omission of "+ cosd"

sin & cos 30° — cos #sin 30° + cos & = 2sin &

Obtain an equation in tan# Ml(dep*) | eg ano=1 >i"33‘[’)‘_

2-cos30°

Can be implied by correct answer following correct expansion.
Otherwise need to see working

Obtain tand =1/ (4— \ﬁ) or equivalent Al J'IZ;E , 04409 (2 s.for better)

Obtain final answer # = 23.8° and no others in range Al | At least 3 sf (23.7939....)

ignore extra values outside range
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9. 9709/33/0/N/18 Q6

Question Answer Marks
6(1) Rearrange in the form /3 sinx —cosx =+/2 Bl
State R =2 B1
Use trig formulae to obtain & M1
Obtain a = 30° with no errors seen Al
4
Question Answer Marks
6(ii) P B1ft
Evaluate sin' V2
R
Carry out a correct method to find a value of x in the given interval M1
Obtain answer x = 75° Al
Obtain a second answer e.g. x = 165° and no others Alft
[Treat answers in radians as a misread. Ignore answers outside the given interval.]
4
10. 9709/32/F/M/19 Q3
Question Answer Marks
3(1) Use trig formulae and obtain an equation in sin & and cos 8 M1
Obtain a correct equation in any form Al
Substitute exact trig ratios and obtain an expression for tan 4 M1
_ Al
Obtain answer tan £ = 2\6 ] , or equivalent
1-6
4
3(i1) State answer, e.g. § = 128.4° B1
State second answer, e.g. # = 308 4° B1 fit
2
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11. 9709/31/M/J/19 Q4

Question Answer Marks Guidance
4 Use correct trig formula and obtain an equation in tan & MI | Ajlow with 45° eg. 1 1 —
tand _tand + tan45°
1 —tan #tan 45°
Obtain a correct horizontal equation in any form Al | eg l1+tand —tan O(1-tan (}):3 tan (1+ tan 0)
Reduce to 2tan’0 +3tand—1=0 Al | or 3-term equivalent
Solve 3-term quadratic and find a value of @ M1 | Must see working if using an incorrect quadratic
Obtain answer 15.7° Al | One correct solution (degrees to at least 3 sf)
Obtain answer 119.(3)° Al | Second correct solution and no others in range
(degrees to at least 3 sf)
Mark 0274, 2 082 as MR- AOA1
6
12. 9709/31/M/J/19 Q6
Question Answer Marks Guidance
6(i) State correct expansion of sin(2x +x) B1
Use trig formulae and Pythagoras to express sin3x in terms of sin x M1
Obtain a correct expression in any form Al e.g. 2sin x(l _sin? X} +gin X(] _2gin? X}
Obtain sin3x =3sinx —4sin’ x correctly AG Al | Accept = for=
4
13. 9709/32/M/J/19 Q3
Question Answer Marks Guidance
3 Use correct trig formulae to obtain an equation in tan § or *M1 | | _tan’g cot?@-1 2
equivalent (e.g all in sin @ or all in cos #) BTV 2tan . Allow T2cotd  cotd
Obtain a correct simplified equation Al

) . 1 N
Stan” @ =1 or sm’Q:E or cos @ =

|

Solve for # DM1 | Dependent on the first M1
Obtain answer 24 1° (or 155.9°) Al | One correct in range to at least 3 sf
Obtain second answer Al | FT 180° —rheir 24.1° and no others in range.

Correct to at least 3 sf. Accept 156° but not 156.0
Ignore values outside range

If working in tan & or cos@ need to be considering both
square roots to score the second Al

Mark 0.421,2.72 as a MR, so AOAI
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14. 9709/33/M/J/19 Q3

FUBLISMNED

Question Answer Marks
3(1) Use double angle formulae and express entire fraction in terms of siné and cosé M1
Obtain a correct expression Al
Obtain the given answer Al
3

15. 9709/31/0/N/19 Q9

Question Answer Marks Guidance
9(1) Use cos(4 + B) formula to express cos3x in terms of trig functions of 2x and x M1

Use double angle formulae and Pythagoras to obtain an expression in terms of cos x M1

only

Obtain a correct expression in terms of cos x in any form Al

Obtain cos3x=4cos’ x —3cosx Al | AG
4

9(ii) Use identity and solve cubic 4cos’x =—1 for x MI | cosx=-0.6299...
Obtain answer 2.25 and no other in the interval Al | Accept 0.717x
MIAO for 129.0°
2
16. 9709/32/0/N/19 Q4
Question Answer Marks Guidance
4(i) State R = /7 Bl
Use correct trig formulae to find M1 1 1 J6
eg tang =ﬁ, sing = f or cosar = f
Obtain a = 22.208° Al | ISW
3
Question Answer Marks Guidance
4(ii) BIFT | 49.107° to 3 d.p. Bl can be implied by correct answer(s) later.

Evaluate sin™’ ]lo at least 1 d.p.

E

The FT is on their R

SC: allow B1 for a correct alternative equation
eg.3tan’@-26tand+1=0

Use correct method to find a value of & in the interval

M1

Must get to &

Obtain answer, e.g. 13.4°

Al

Accept correct over-specified answers.
13.449...,54.3425. ..

Obtain second answer, e.g. 54.3° and no extras in the given
interval

Al

Ignore answers outside the given interval.
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17. 9709/33/0/N/19 Q4

Question Answer Marks Guidance
4(i) Use tan (4 + B) formula to express the LHS in terms of tan 2x and tan x M1
Using the tan 24 formula, express the entire equation in terms of tan x M1
Obtain a correct equation in tan x in any form Al
Obtain the given form correctly Al | AG
4
4(it) Use correct method to solve the given equation for x M1
Obtain answer, e.g. x=26.8° Al
Obtain second answer, e.g. x = 73.7¢ and no other Al | Ignore answers outside the given interval
3
18. 9709/32/F/M/20 Q5
Question Answer Marks
5(a) Express LHS correctly as a single fraction Bl
Use cos( A4+ B) formula to simplify the numerator M1
Use sin 24 formula to simplify the denominator M1
Obtain the given result. Al
4
rupLidneey
Question Answer Marks Guidance
5(b) Obtain an equation in tan2x and use correct method to solve for x M1
Obtain answer, e.g. .232 Al
Obtain second answer, e.g. 1.80 Al | Ignore answers outside the given interval.
3
19. 9709/31/M/J/20 Q3
Question Answer Marks
3 Use tan (4 + B) formula and obtain an equation in tan & M1
Using tan60° = 3, obtain a horizontal equation in tan #in any correct form Al
Reduce the equation to3tan” 6 + 4tan 8 — 1= 0, or equivalent Al
Solve a 3-term quadratic for tan & M1
Obtain a correct answer, e.g. 12.1° Al
Obtain a second correct answer, e.g. 122.9°, and no others in the given interval Al
6
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20. 9709/31/M/J/20 Q7

Question Answer Marks

T(a) Use quotient or product rule M1
Obtain derivative in any correct form e.g. —sinx(1+sinx) - C(,)Sx(m”) Al
(1+sinx)’
Use Pythagoras to simplify the derivative Ml
Justify the given statement Al
4
21.9709/32/M/J/20 Q4
Question Answer Marks
4 Use correct product rule M1
Obtain correct derivative in any form, e.g. —sinx sin 2x + 2cos x cos 2x Al
Use double angle formula to express derivative in terms of sinx and cos x M1
Equate derivative to zero and obtain an equation in one trig function M1
Obtain 3sin2x=1,0or3cos2x=2or2tan2x=1 Al
Solve and obtain x=0.615 Al
6
22.9709/32/M/J/20 Q5
Question Answer Marks
5(a) State R=+/7 Bl
Use trig formulae to find & M1
Obtain or= 57 688° Al
3
3(0) Evaluate cos—][ij to at least 3 d.p. (67.792%) BLET
J7

(FT is on their R)
Use correct method to find a value of @ in the interval M1
Obtain answer, e.g. 5.17 Al
Obtain second answer, e.g.117.3%, only Al
4
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23. 9709/33/M/J/20 Q5

Question Answer Marks

5 Use tan 24 formula to express RHS in terms of tan & M1
Use tan (4 + B) formula to express LHS in terms of tan 6 M1

Using tan 45° =1, obtain a correct horizontal equation in any form Al

Reduce equation to 2tan” @+ tan 6 —1=0 Al

Solve a 3-term quadratic and find a value of 6 M1

Obtain answer #=26.6° and no other Al

6

24. 9709/31/0/N/20 Q6

Question Answer Marks Guidance
6(a) State R = /15 B1
Use trig formulae to find & Ml | sine 3 . 3
=-—= with no error seen or tane == quoted then
cosa 6 6
allow M1
Obtain a = 50.77 Al | Must be 2d.p.
If radians 0.89 A0 MR
3
6(b B1FT | The FT is inc tR.
() Evaluate /3= cos 125 (49.797° to 4 d.p.) . ¢l 15 onneorree
Jis §=ﬁ—af [-2.9° and =301.7°]
X. . Mi x
Use correct method to find a value of 3 in the interval Needs to use 3
Obtain answer rounding to x = 301.6° to 301.8° Al
Obtain second answer rounding to x = 2.9(0)° to 2.9(2)° and no Al
others in the interval
4
25. 9709/32/0/N/20 Q4
Question Answer Marks Guidance
Ha) Use correct tan(.4+ B) formula and obtain an equation in tan& M1 tang+tan60° 2
eg—— —=——
1—tanftan60® tané&
Use tan60°=+~/3 and obtain a correct horizontal equation in any form Al eg 1ang[1ang+ ‘ﬁ) = 2(1 _\E tan 3)
Reduce to tan®@+33tan@-2=0 correctly Al | AG
3
4(b) Solve the given quadratic to obtain a value for 8 M1 _ +
tanf= e NEEE 0.3599,-5.556
Obtain one correct answer e.g. 8= 19.8° Al | Accept 1d.p. or better.
If over-specified must be correct. 19.797...., 100.2029...
Obtain second correct answer #=100.2° and no others in the given Al | Ignore answers outside the given interval.
interval
3
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26. 9709/33/0/N/20 Q6

Question Answer Marks Guidance
6(a) State R = /15 Bl
Use trig formulae to find a M1 | sine 3 . 3
=—= with no error seen or tana = quoted then
cosex ~f6 J6
allow M1
Obtain & = 50.77 Al | Mustbe 2 d.p.
If radians 0.89 A0 MR
3
6(b B1 FT | The FT is on incorrect R.
®) Evaluate = cos 123 (49.797° to 4 d.p.) . 1S onine
Vis E:ﬁ_a [-2.9% and -301.7°]
X, . M1 x
Use correct method to find a value of 3 in the interval Needs to use 3
Obtain answer rounding to x = 301.6° to 301.8° Al
Obtain second answer rounding to x = 2.9(0)° to 2.9(2)° and no Al
others in the interval
4

27.9709/32/F/M/21 Q3

Question Answer Marks Guidance
3 Use correct trig formulae to obtain an equation in tan x *M1
Using tan45° =1, obtain a horizontal equation in tanx in any form DM1
Reduce the equation to tanx+tanx—1=0, or 3-term equivalent Al
Solve a 3-term quadratic in tan x, for x M1
Obtain answer, e.g. x =31.7° Al
Obtain second answer, e.g. x =121.7°, and no other in the interval Al | Ignore answers outside the given interval.
6
28. 9709/32/F/M/21 Q5
Question Answer Marks Guidance
5(a) State R=+T1 Bl
Use trig formulae to find M1
Obtain a =37.09° Al
3
5(b) B1FT | The FT ison R.

Evaluate sin '[L] to at least 2 dp (17.5484%)

N

Use correct method to find a value of & in the interval M1
Obtain answer, e.g. 62.7° Al
Use a correct method to obtain a second answer M1
Obtain second answer, e.g. 170.2°, and no other in the interval Al | Ignore answers outside the given interval.
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29. 9709/31/M/J/21 @3

Question Answer

FUBLISHEL

Marks Guidance

3(a) Use correct trig expansions and obtain an equation in sin x and cos x

*M1

Use correct exact trig ratios for 30° in their expansion

BI1FT e_g.cos.\'(ﬁgfl]=:,inx(\5fl)

2

Obtain an equation in tan x

DM1 | Allow if their error in line | was a sign error

. 23 . Al | AG
Obtain tanx = from correct working
1-243
4
3(b) Obtain answer in the given interval, e.g.173.8° B1 | Accept 174°, 354° or better

Obtain a second answer and no other in the given interval, e.g. 353.8°

B1 | Ignore answers outside the given interval.
Treat answers in radians (3.03 and 6.17) as a misread.

2

30. 9709/31/M/J/21 Q4
Question Answer Marks
4(a) Use correct double angle formula or f-substitution twice M1
. s Al

Obtain 1Zcos26 tan” @ from correct working
1+cos28

2

31.9709/32/M/J/21 Q6

Question Answer Marks Guidance

6(a) Express the LHS in terms of cos 2#and sin 26

B1 1 cos2@
S8 528 sin2é

sin &

Use correct double angle formulae to express the LHS in terms of cos &and

Mi 1-(1-2sin’ )
& T gindcoso

Obtain tan € from correct working Al | AG

Alternative method for Question 6(a)

Express the LHS in terms of sin 2#and tan 26 Bl

Use correct double angle formulae to express the LHS in terms of cos & and M1 - sint @

sin & g 1 __ cos’@(__4sin’@
=" 2sinfcosé 2sinﬁ' 4sinfcosf

cos@

Obtain tan @ from correct working Al | AG

Alternative method for Question 6(a)

Express the LHS in terms of sin 2@ and tan 26 Bl

tan &to express the LHS in terms of tan 6.

- . . >
Use correct ¢ substitution or rearrangement of sin 2 #in terms of sec” 26 and

Mi seczﬁ'_ﬂ: 1+tan® _1—tan’
2tand  2tand 2tan 2tan

Obtain tan & from correct working

Al | AG
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32.9709/32/M/J/21 Q10

Question Answer Marks Guidance
10(a) State or imply CD = 2r - 2rcosx B1
Using cgnec{l formulae for area of sector and trapezium, or equivalent, form M1 g2 w12 M(Er +2r—2rcosx)rsinx
an equation in » and x 2 2
Obtain x=10.9(2—cos x)sinx Al | AG, NFWW
3
10(b) Calculate the values of a relevant expression or pair of expressions atx = 0.5 M1 | Calculated for both values and correct for one value is
and x = 0.7 sufficient for M1. Must be working in radians.
Complete the argument correctly with correct values Al | Must have sufficient accuracy to support the answer
0.5>0484 0.016>0 0.96...<1
e.g. or or
0.7<0.716  -0.016<0 1.02..>1
2
33.9709/33/M/J/21 Q5
Question Answer Marks
5(a) Use double angle formula to express tan 44 in terms of tan 26 M1
Use double angle formula to express result in terms of tan & M1
Obtain a correct equation in tan  in any form Al
Obtain the given answer Al
4
I WIPLADIILLLY
Question Answer Marks Guidance
5(b) Solve for tan # and obtain a value of & M1
Obtain answer, e.g. 53.5° Al
Obtain second answer, e.g. 126.5° and no other in the interval Al | Ignore answers outside the given interval. Treat answers in
radians as a misread.
3

34.9709/31/0/N/21 Q2

Question Answer Marks Guidance

2(a) State R = \34 Bl
Use trig formulae to find & M1

3 3 5
tang = —orsindr = —— or cos @ = —— .
5 34 V34

Obtain a=0.54 Al | 30.96° scores M1AD.
3
2(b) State greatest value 34 BLFT | 7peir R2.
State least value 0 B1
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35. 9709/31/0/N/21 Q5

FUBLIDHELL

Question Answer Marks Guidance
5(a) Use correet trig formulae and express equation in terms of tané M1
Obtain a correct equation in tan# in any form Al . I—tan®8 1 )
& 2tne * tan 8 =
Reduce to tan’@+4tan&—3=0, or 3-term equivalent Al
3
5(b) Solve a 3-term quadratic for tan # and calculate & M1 (tan g=_2+ \ﬁ)
Obtain answer, e.g. 0.573 Al | Must be 3d.p.
Obtain second answer, e.g. 1.783 and no other Al | Ignore answers outside the given interval. Treat answers

in degrees as a misread. (32.9°,102.1°)

3
ruvoLadnLyy
Question Answer Marks Guidance
6(a) State correct expansion of sin(3x+2x) or sin(3x—2x) Bl
. . 1 . . M1
Substitute expansions in ;(sm Sx+sinx), or equivalent
Simplify and obtain %(sin 5x+sinx)=sin3xcos2x Al | Obtain the given identity correctly.
3
37.9709/32/0/N/21 Q8
PUBLISHED
Question Answer Marks Guidance
8(a) Expand the square and equate to 1 B1
Use correct double angle fi IE M1
s¢ correct double angle formuta Need to see % or sin26=2sin@cosf stated.
Obtain cos* @ +sin* 8 =1—Lsin” 28 Al | Obtain the given result correctly.
3
8(b) Use the identity and carry out a method for finding a root Ml 1.2 5
! I-2sin" 280 ==
2 9
Obtain answer 35.3° Al | Must be correct if overspecified: 35.264...
Obtain a second answer, e.g. 54.7° ALFT | [c.g90° - their 35.3°]
Do not FT if mixing degrees and radians.
Obtain the remaining answers, e.g. 144.7° and 125.3° and no others in the A1FT

given interval

[e.2.180°—..and 180°-..]

Ignore answers outside the given interval.
Treat answers in radians as a misread.
(0.615,0.955,2.19, 2.53)

Do not FT if mixing degrees and radians.
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38.9709/33/0/N/21 Q5

Question Answer Marks Guidance
5 Use double angle formula and obtain an equation in sin & M1
Reduce to 6sin’@+ sind—5=0, or 3-term equivalent Al
Solve a 3-term quadratic in sin @ and calculate & M1
Obtain answer, e.g. 56.4° Al
Obtain second and third answers, e.g.123.6° and 270° and no others in the Al | Ignore answers outside the interval. Treat answers in
given interval radians as a misread.
5

39. 9709/33/0/N/21 Q6

Question Answer Marks
6(a) Use cos(A4—B) formula and obtain an expression in terms of sinx and cosx Ml
Collect terms and reach 2 cos x + -.E sin x Al

State R = \ﬁ Al

Use trig formula to find & M1

Obtain a = 40.89° Al

5

6(b) Use correct method to find x M1
Obtain answer x =220.9° Al

2

40. 9709/32/F/M/22

IuDLIOLILL

Question Answer Marks Guidance
5 Use correct tan ( A+ B] formula and obtain an equation in tan & and tan £ MI | tan+ tan _
| tantan
Substitute throughout for tan ¢ or for tan f§ M1 | 3tan+tan
1 3tan?
Obtain 3tan’f+2tan #-1=0 or tan’ @ +2tan -3 =0 Al | OEe.g 6tan’B+4tan f-2=0

or %tanza+itana—2:0

Solve a 3-term quadratic and find an angle M1
Obtai SW/ =45°,p=184° Al
din answer & A ANE or0.785, 0322
1
i swer a =108.4°, f=135° Al
Obtain answer & =108.4°, § =133 ‘ 1.89, 3%[ or 2.36. Answer in radians, max. A1AQ or
vice versa.

Ignore answers outside [0°, 1807]

o

SC: If AOAO allow SC B1 for both &’s or both F's
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41. 9709/31/M/J/22 Q3

Question Answer Marks Guidance
3 Use correct trigonometric formulae to form an equation in tanx *M1 e 1-tan® x 3
g, =
tan x tan x
Obtain a correct linear equation in any form Al | 1-tan®x+3=5Stanx
Reduce equation to a 3-term quadratic Al | tan’x+S5tanx —4 =0, or 3-term equivalent
Solve a 3-term quadratic in tan x and obtain a value of x DMI1
Obtain answer, e.g. x = 35.1 © Al
Obtain second answer, e.g. x = 99.9°, and no other in (0°,180%) Al | Ignore answers outside (0°,180°) .
Treat answers in radians (0-61-2,1-74) as a misread.
Alternative method for question 3
Use correct formulae for sin2x and cos2x to form an equation in sinx and *M1
QBX
Obtain 4::?517 sinx _ Al
sinx  cosx
Reduce equation to a 3-term quadratic Al | tan’x+S5tanx—4 =0, or 3-term equivalent
Solve a 3-term quadratic in tan x and obtain a value of x DMI1
Obtain answer, e.g. x = 35.1 ° Al
Obtain second answer, e.g. x = 99.9°, and no other in (0°,180°) Al | Ignore answers outside (0°,180°) -
Treat answers in radians (061-2,174) as a misread.
6
uestion nswer arks suidance
i A Mark: Guid
2 Use correct double-angle formula to obtain an equation in cos# Ml |co 3(20033 a— l) —3cos+2
Al | M1 AO is scored if they use any correct formula for

Obtain 6¢cos’d —3cos@—5=0, or 3-term equivalent

cos 26 and make a subsequent error.

Solve a 3-term quadratic in cos@ for 8 M1 | Asfaras @ =cos” [,1 ]IEIT-;) if quadratic correct.
Obtain a correct answer, e.g. 134.1° Al | Accept greater accuracy e.g. 134.1456, 225.8544.
Al FT | Treat answers in radians (2.34 and 3.94) as a misread.

Obtain a second answer, e.g. 225.9° and no other in [U°, 360°]

Ignore answers outside [0°,360°].

The FT is for 360° minus the first answer.

Special Ruling: If they have an incorrect quadratic that
leads legitimately to 4 solutions for &, allow FT for 360°
minus an answer in (0°,180°).

More than 4 solutions is maximum M1 A0 M1 AO AQ.
If their equation should have 4 solutions and the
candidate only gives 3 solutions then M1 A0 M1 A0 AO.
Mis-read leading to a quadratic with 4 solutions could
score maximum M1 AO0 M1 Al Al or M1 A0 M1 Al AO
if extra/missing solution.
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43. 9709/33/M/J/22 Q2

Question Answer Marks Guidance
2 Use correct cos(4— B) formula to obtain an equation in cos# and sin# B1 | cos f cos 60 + sin  sin 60 =3 sin 6
Use trigonometric formula and substitute values for cos 60 and sin 60 to M1 1 3
obtain an equation in tané (or cosfor siné) Allow E and 3 interchanged.
1 +£ tanf = 3tan @
2 2
lc.'(:»:ilr‘}: 3—£ 3—£ (1 —cos’ )
4 2 2
l(] — sin® @) = 3—£ ':‘.—£ sin®
4 2 2
1 6+3 Al | OE
Obtain tané = or tanf = * J_ or 0.2343,
6-3 3
303 1
cos0=——2— 0:0.9736 or sin@= ——2_ or 0.2281
V10-33 V10 343
Obtain answer, e.g. # = 13.2° Al | May be more accurate, allow value rounding to 13.2°,
0=13.1867°.
Obtain second answer, e.g. #= 193.2° and no others in the given interval | Al FT | May be more accurate. Allow value rounding to 193.2°.
FT is on previous value of #, must have scored M1.
Note if @ is negative (e.g. —-13.2):
—13.2 + 180 = 166.8 A0 but —13.2 + 360 =346.8 Al FT.
Ignore answers outside the given interval. Treat answers in
radians as a misread. 0.23015, 3.3717.
rupLIonLy
Question Answer Marks Guidance
4 Use correct tan(A+ B) formula and obtain an equation in tan x or an M1  tanx+tan 450 2 Allow if 2 in denominator
equation in cosx and sinx I-tanxtan45° tanx
sinxcos45° +cosxsin45°  2cosx
cosxcos45° —sinxsin45®  sinx
Obtain correct 3 term equation tan’x +3tanx—2=0, or equivalent Al or 3sinxcosx = 2cos” x—sin’ x
Solve a 3-term quadratic in tan x and obtain a value for x M1
Obtain answer, e.g. 29.3° Al | 29.316...
Obtain second answer, e.g. 105.7° and no other Al | 105.583....

Ignore answers outside the given interval. Treat answers
in radians as a misread.
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45. 9709/31/0/N/22 Q6

Question Answer Marks Guidance
6(a) Express cos4# in terms of cos2d and/or sin268 B1
Express cos2@ in terms of cos@ and/or sin@ B1 | Anywhere
Expand to obtain a correct expression in terms of cos@ Bl . 2(2(:05! o l]ﬁ 1+ 4(21;053 9 —l)+ 3
Reduce correctly to cos46 +4cos26 +3=8cos' @ Bl | AG
4
6(b) Use the identity and carry out method to calculate a root M1 | gostg_3=4
Obtain answer, e.g. 14.7° Al
Obtain second answer, e.g.165.3 °, and no other in the given interval Al FT | Ignore answers outside the given interval. Treat answers
in radians as a misread.
3
46.9709/32/0/N/22 Q3
Question Answer Marks Guidance
3 Use correct product rule on given expression *M1
Obtain correct derivative in any form Al | e.g. cosxsin2x + 2sinxcos2x
Use correct double angle formulae to express derivative in terms of sinx and *M1
CoSX
Equate derivative to zero and obtain an equation in one trig variable DM1 | dependent on the 2 previous M Marks.
Obtain 3sin’x=2, 3cos’x =1 or tan’x=2 Al | OE
Solve and obtain x = 0.955 Al | 3 sfonly.
Final answer in degrees is AQ.
Ignore any attempt to find the corresponding value of y.
Alternative method for the first three marks
Use correct double angle formula to obtain y = 2cosx—2cos’ x MI | o ¥ =2sin” xcosx
Use chain rule and / or product rule *M1
Obtain derivative 3" =—2sinx + Gsin xcos® x Al | /= 25in® x + 4sinxcos® x
Alternative method for the second and third M marks
Equate derivative to zero and obtain an equation in tanx and tan2x *M1
Use correct double angle formula to obtain an equation in tan x DM1
6
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47.9709/32/0/N/22 Q4

Question Answer Marks Guidance
4(a) State R = Jﬁ B1 | Allow if working from an incorrect expansion but not
from decimals.
Use correct trig formulae to find & (Correct expansion and correct expression for M1 | NB: coser=4 and sine =1 scores MOAO.
trig ratio for « ) MO for incorrect expansion of cos(x —a)
M1 for correct expression for trig ratio for & and no
errors seen.
Obtain & =14.04° Al | 2 d.p. required
Allow M1AL for correct answer with no working
shown. Correct answer from incorrect working (e.g.
tan" (—14] ) is awarded MOAOQ.
180°7lan']{—§) is awarded M1
3
4(b) . | 3 R B1 FT | FT their R. Accept awrt 43.3° or awrt 316.7°
Evaluate cos vﬁ to at least 1 d.p. (43.3138...%) Can be implied by subsequent working.
Use correct method to find a value of x in the interval M1 | Must be working with 2x and their « .
Obtain answer, e.g. 14.6° Al | Accept overspecified answers but they need to be
correct. (14.6388.... and 151.3249...).
Use a correct method to find a second answer in the interval M1 | Must be working with 2x, their & and 360° — their 43.3 .
Obtain second answer in the interval, e.g. 151.3°, and no other in the interval Al | Ignore answers outside the given interval. Treat answers
in radians (0.255... and 2.64...) as a misread.
5
Question Answer Marks
Xa ) ] wf_ B1
@) Rearrange and obtain 4¢08x —sinx =5
- B1
State R =17
Use trig formulae to find « M1
Obtain a =14.04° Al
4
Question Answer Marks Guidance
7(b) B1 FT | FT their R.

(&
Evaluate cos Jﬁ

Carry out a correct method to find a value of x in the given interval

M1

Obtain answer, e.g. 21.6°

Al

Obtain a second answer, e.g. 144.4 ° and no other in the interval

Al | Treat answers in radians as a misread. Ignore

answers outside the given interval.
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49. 9709/32/F/M/23 Q6

LD L

Question Answer Marks Guidance
6(a) State R =13 BL | Allow if V (122 + (- 5)%) seen.
Use correct trig formulae to find M1 | cos(a) = 12 and sin(a) = 5 MO
a = tan’'(£5/12) = cos(£12/13) = sin"}(+5/13) However, sin(a)/cos(a) = 5/12 or — 5/12 with no error seen,
or tan(a) = 5/12 or — 5/12 quoted then allow.
Obtain « = 0.395 Al | CWO If negative sign seen when finding R then A0 here.
If degrees 22.6 A0 MR.
Only penalise degrees once in (a) and (b).
Note a = 0.39479...
3
6(b) 6 BIFT | SOI
cos R 1.0910... FT their incorrect R.
Use correct method to find a value of 2x in the interval M1 (6 (6
2x=cos |—|+4aor2n—cos |—| +a
R R
Allow if cos(2x + 0.395) seen
Obtain answer, e.g. x = 0.743 or 0.742 Al | 42.5 or 42.6 degrees.
Obtain second answer, e.g. x = 2.79 and no others in the interval Al | 159.8, 159.9 or 160.0 degrees all possible depending whether
using 3 dp or 4 dp.
4
Question Answer Marks Guidance
K€ . . 1, Bl | OE
@ State or imply area of major sector = Er’(Zn‘fx)
. R B1 | OF
State or imply area of shaded segment = E'r I_Er sinx 7 sin(x/2) cos(x/2) B0 until changed to (1/2)* sin x.
1, l 5 1,5 M1 | OE
State 3" (Q2r-x)=3 Sl X snx Area of major sector = 3 times (area of minor sector — area of
triangle).
Allow 7 sin(x/2) cos(x/2).
. . 3. 1 . Al | AG Allow rectified slip if before penultimate line.
Obtain the given answer x = Esmx + 3 after full and correct working
4
7(b) Calculate the values of a relevant expression or pair of expressions at x = MI | x=2 x=25
2andx=2.5 (3/4) sin x + (1/2)x 2.2(5277) 2.0(197)
2<220r23 2.5>20
x—(3/4) sinx —(1/2)n
-0.2(5277) <0 +0.4(803)>0
or change of sign
Attempt both values and one correct for M1.
Complete the argument correctly with correct calculated values Al | Degrees award 0/2
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51. 9709/31/M/J/23 Q4

Question Answer Marks Guidance
4(a) Use correct double angle formulae M1 | c.g. 2sin@cosf +cos® @ —sin’ @ = 2sin* @
Obtain cos’ @+ 2sin@cosé —3sin” @ =0 from full and correct working Al | AG Check conclusion is complete and matches the
working.
2
Question Answer Marks . Guidance
4(b) Factorise to obtain [L‘os{?—sinﬂ)(c050+3sin0):0 B1 | OE

Solve a quadratic in sin@and cos@ to obtain a value for @. M1 | tan@=1ortand=-1}.

Obtain one correct value e.g. 45° Al

Obtain a second correct value e.g. 161.6° and no others in the interval Al | Mark answers in radians (0.785 and 2.82) as a misread.

Accept awrt 161.6 .

Alternative Method 1

Obtain 3tan” § —2tan & —1=0 Bl

Solve a 3 term quadratic in tan @ to obtain a value for 4. M1 | tan@=1or tand=—1.

Obtain one correct value e.g. 45° Al

Obtain a second correct value e.g. 161.6° and no others in the interval Al | Mark answers in radians (0.785 and 2.82) as a misread.

Alternative Method 2

Obtain (cosf+sin @)’ =(2sin6)’ Bl

Solve to obtain a value for 4. M1 | tang=lortanf=-1.

Obtain one correct value e.g. 45° Al

Obtain a second correct value e.g. 161.6° and no others in the interval Al | Mark answers in radians (0.7835 and 2.82) as a misread.
4

52. 9709/32/M/J/23 Q4 _
Question Answer Marks Guidance
4 *M1

~ . . - X
Use correct double angle formula to obtain an equation in cos(E] only
\

cg 2[&&6)— |]—coa(%]: .

Obtain a 3 term quadratic in cos[é] .

Al

e.g. 4dcos’ [%J— cos[%} -3=0.

Allow 4cos® 4 —cosu—3=0. Condone F=x.

Obtain cos| = =3 andceos| = |=1
2 4 2

Al

Allow answer in u e.g. (4cosu +3)(cosu 1) and condone

=X

e
2

Solve for the original x

DM1

Must see evidence of doubling, not halving.

Obtain x = 0 and 4.84 and no others in the interval

Al

Ignore any answers outside interval.
Accept AWRT 4.84. Accept 1.547.
Must be in radians. 277.2 indicates M1 but is AQ.

Alternative Method for Question 4

Use correct double angle formula to obtain an equation in cosx only

*M1

e.g. 2cosx—1=

Obtain a 3 term quadratic in cosx, Al | eg Beos’x—9cosx+1=0.
. 1 Al
Obtain cosx :g and cosx = |
Solve for x DM1
Obtain answers x = 0 and 4.84 and no others in the interval Al | Ignore any answers outside interval.

Accept AWRT 4.84. Must be in radians. 277.2 15 AQ.
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53. 9709/32/M/J/23 Q6

Question Answer Marks Guidance

6(a) Calculate the values of a relevant expression or pair of expressions at x = M1 | Need to evaluate at both points, but M1 still available if one
05andx=1 value incorrect.

Use of degrees is MO.

Correct use of a smaller interval is M1.

If using g(x) - f{x), there needs to be a clear indication of
the comparison being made e.g. by listing values in a table.
Embedded values 0.5 and 1 are not sufficient.

3.92 and 1.83 alone are not sufficient.

Complete the argument correctly with conclusion about change of sign or Al |eg 3.92>15183<3
change of inequalities and with correct calculated values. or242=0,-1.17<0.
Can all be in symbols — an explanation in words is not required.

2
54.9709/33/M/J/23 Q6
Question Answer Marks Guidance
6(a) Expand cos(x—60°) correctly and evaluate 3 cos x + 2 cos(x — 60°) B1 | Need to see 4cosx+ Bsinx with 4 and B correct
to obtain 4cosx+w63inx or unsimplified coefficients A may be 4 or 3 +2cos 60 and B may be ‘6 or 2 sin 60.
State R=«/ﬁ [Rcos =4 Rsinex= «E] BLFT | Follow through their 4 and \E .
If coefficients are 3 and 2 then BO.
R =19 from R = 436 BO
but 4.36 seen after \/@ ISW.
Use correct trig formulae for their expansion to find & M1 | [fsin o= +f3 cos @ =4 seen then MO A0.
e.g o= tan |£ of COS 1i or sin 1 N3 Iftan o= 23.41° MO AO but can recover if & =23.41°
4 J19 J19 seen later.
@=tan '% M1 (& =33.69°) but &= tan L% MO
Obtain & =23.41° Al | Allow if x instead of a.
4
Question Answer Marks Guidance
6(b) (25 B1FT | SOI [55.0°].
cos ? Follow through their \/ﬁ
Use a correct method to find a value of 2 (not x) in the interval. Ml

2.5
—ensl| 22 B
Allow sign error in moving « to right side 26=cos [ R ] +23.41

or 26=360° — cos l[%} +23.41°

with R substituted.

Obtain one correct answer e.g. 39.2° Al | If working for M1 not seen then M1 implied by 39.2°or
164.2°
Must be at least Ld.p.

Obtain second correct answer e.g. 164.2° and no others in the interval Al | Must be at least 1d.p.
Ignore answers outside the given interval.
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55. 9709/31/0/N/23 Q5

Question Answer

Marks

Guidance

5(a) Use correct trig formulae and obtain an equation in sin x and cos x

*M1 | Allow one sign error.

Obtain a correct equation in any form

Al |eg 2cosxsinf =-2sinxsinZ.

Substitute exact trig ratios and obtain an expression for tan x

DM1 | Allow one sign error.

Obtain answer tanx =— \%

Al | Or exact equivalent.

5(b)

. S5n
Obtain answer, e.g. x = ?

B1

. 11z . .
Obtain second answer, e.g. X = e and no others in the interval

B1FT | FT first answer + 1t (provided 0 < first answer < 7).
Or FT first answer — x (provided = < first answer < 2m).
lgnore any answers outside interval.

2
56. 9709/32/0/N/23 Q7
Question | Answer Marks
T(a) Use correct expansion for cos(260+6) *M1
Use correct double angle formulae to express cos3# in terms of cos@ and DM1
siné
Show sufficient working to confirm cos36 = 4cos’ # —3cosf Al
3
Question Answer Marks Guidance
7(b) Use the identity and correct double angle formula to obtain an equation in *M1 | e.g. 4 cos® @3 cos 8+ cos 0(2 cos? @— 1) =cos® @
cos@ only. Must come from using all three terms in the given equation. 6cos® B—cos>H—4cos =0
or 6 cos® @—cos §—4=0.

Obtain € =90° B1 | Allow if cos® obtained correctly as a factor of their
expression (even if there is an error in the quadratic
factor). Can follow MO.

Solve a 3-term quadratic in cos@ to obtain a value of @ DM1

Obtain one value e.g. 25.3° Al | Accept awrt 25.3°.

Obtain a second value e.g. 137.5° and no extras in range Al | Accept awrt 137.5°.

Ignore values outside the range.
Mark solutions in radians as a misread
(0.442,1.57,2.40).

5
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57.9709/33/0/N/23 Q6

Question Answer Marks | Guidance
6(a) Use correct Pythagoras cot’ = cosec’d— | or cot®@ = /sin* @ | M1 | If consistent omission of brackets, c.g. (sinf)? written as
or cot?@= cos*@/sin*f and then cos*d= 1 — sin*@, sinf” then SC B1 in place of MIAL.
together with double angle formula cos2@ = 1 — 2sin’@,
to obtain an equation in sin @ or sin 8 and cosec’@
Obtain a correct equation in sin # in any form Al | eg. Usin’0 — 1 +2(1 - 2sin’6) = 4
—gin? 5
or ! -5m +2(l—25in‘]:4.
sin?
a2
If <2 42(1-2sin?)=4 then
sin?
eg. I-sin®+2(1-2sin’ )sin>=4.
(missing sin® on right) allow MIATAO.
Reduce to the given answer of 4sin* @+ 3sin®0—-1=0 correctly Al | AG Ml_ml follow from a horizontal equation (no
denominators).
If s = sin # used and defined, allow all marks. If not
defined, award M1AT1AQ.
3
Question Answer Marks | Guidance
6(b) Solve the given quadratic to obtain a value for § M1 | (4sin’@ — 1)(sin’@ + 1) =0 and solve for 6.
Incorrect sign in solution of quadratic seen,
e.g. (4sin’@ — 1)(sin’@ — 1) = 0 then MO A0 AO but if
only see (4sin’@— 1) = 0 and nothing incorrect seen allow
3/3.
Obtain answer, e.g. 6 = 30° Al | n/6 award AQ
Obtain three further answers, e.g. 8 = 150°, 210° and 330° and no others Al | Ignore any answers outside interval.
in the interval 5m/6 Tn/6 11n/6 award Al.
3
58. 9709/32/F/M/24
Question Answer Marks Guidance
8(a) Use the correct expansion of cos(x+17) to obtain sinx +2cos3 Bl 1 1
P { 4 ) s * 35i11x+2ﬁ[—cosx——sinx}.
V2 2
State R=+f5 B1 FT | ISW FT their asinx+bcosx provided this
expression obtained by correct method.
Use correct trig formulae to find o M1 | o = tan !(b/a) from their asinx+bcosx
or sin”! or cos™! provided this expression obtained
by correct method.
NB If cos @ =1 and sin & =2 then M0 A0.
Obtain o =1.107 Al |3 d.p. CAO
Treat answer in degrees as a misread (63.435°) -
4
8(b) .15 B1 FT | Follow their R.
sin”™'| —
R
Use a correct method to obtain an un-simplified value of @ with their & M1 ) 1.5 . 15
2| sin”!| —= |-a | or 2| i—sin”'| = |-« |-
R R
Obtain one correct answer e.g. —0.74 in the interval Al
Obtain second correct answer e.g. 2.60 (2.5986) or 4m — 0.74 = 11.8 Al | Ifuses 1.11° withhold first accuracy mark gained,
or 2.60 — 4n = —9.97 in the interval but allow rest of accuracy marks. Allow 2.6(0).
Obtain two more correct answers e.g. —9.97 and 11.8 and no others in the interval Al | Ignore answers outside the interval. Treat answers
in degrees as a misread.
(—571.1:’._ —42.6°148.9°,677.2°).
5




