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Trigonometry (Addition,Double Angle & R Formulae)

Trigonometry(Addition, Double Angle & R Formulae) - Edexcel Past Exam Questions MARK SCHEME

Question 1: June 07 Q6

Question Scheme Marks
Number
(a) cos24 =cos°A —sin® 4 (+ useof cos’4 +sin’A=1) Ml
=(1 —sin®4); -sin®4 =1 -2sin’4 (%) Al (2)
(b) 2sin 20 -3co0s20 - 3sin @+ 3 =4sin fcosO;-3(1-2sin’ @) —3sinf+3 Bl; Ml
= 4sinfOcosf + 6sin’ @ — 3sinf Ml
= sinf(4cos@ + 6sind — 3) ™ a1 @
© 4cosf + 6sinf = Rsinfcosa + Rcosfsina
Complete method for R (may be implied by correct answer)
[R:=4:+6:,Rsina=4, Rcosa =6 Ml
R=+52 or721 Al
Complete method for @; «a = 0.588 (allow 33.7°) M1 Al
4)
(d) sin@ (4cosd + 6sind —3)=0 M1
=0 Bl
) 3
sin(@ + 0.588) = — =0.4160.. (24.6° Ml
Js2
0 + 0.588 =(0.4291), 2.7125 [or @ + 33.7° = (24.6°), 155.4°] | dMI
=212 cao Al

0N
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Trigonometry (Addition,Double Angle & R Formulae)

Question 2: Jan 06 Q6

given, but all 4 solutions are found, penalise one A mark only.
Ignore solutions out of range.

(a) Rcosa =12, Rsina=4
R=1(12°+47) =160 Accept if just written down, awrt 12.6 | M1 Al
tana=%, = a=~1843° awrt 18.4° | M1, A1(4)
(b) cos(x+ their &)= ! (=0.5534) Ml
their R
x + their o =56.4° awrt 56° | Al
= ... ,303.6° 360°— their principal value | M1
x =38.0° 285.2° Ignore solutions out of range | A1, A1 (5)
If answers given to more than 1 dp, penalise first time then accept awrt above.
(c)(1) minimum value is —/160 ft their R | Blft
(ii) cos(x+ their ) =—1 Ml
x=161.57° cao | Al 3)
[12]
Question 3: Jan 06 Q7
Question
Number Scheme Marks
(a) (i) Use of cos2x =cos’ x—sin’ x in an attempt to prove the identity. MI
cos 2)'c _ coslx—sfnl X _ (cos x—sin x)(c-osx+ sin x) cosx_sinxk  cso |Al @)
COSX+SINX  COSX+sinxy cosX+sinx
(ii) Use of cos2x =2cos’ x—1 in an attempt to prove the identity. Ml
Use of sin2x = 2sinxcosx in an attempt to prove the identity. Ml
1E(cosZ.\'—sinZ.vr)=%(2cos1 x—l—25inxcosx)=cosl x—cosxsinx—% * cso [Al 3)
(b) cos @(cos @ —sin 0) =15 Using (a)(i) | M1
cos’ @—cosOsin ()—%: 0
%(cos 20 -sin20)=0 Using (a)(ii) | M1
cos20 =sin260 * Al 3)
(c) tan26 =1 MI
20 = E(S—” 9—”13—”) any one correct value of 20 | A1
44 4 4
0= % 5? %BT” Obtaining at least 2 solutions in range | M1
The 4 correct solutions | Al 4)
If decimals (0.393,1.963,3.534,5.105) or degrees (22.5°,112.5°,202.5°,292.5°) are [12]
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Trigonometry (Addition,Double Angle & R Formulae)

Question 4: June 06 Q8

%::::: Scheme Marks
(a) | Method for finding sin 4 M1
sinAd =— ﬂ Al Al
4
Note:  First Al for g , exact.
Second Al for sign (even if dec. answer given)
Use of sin24 = 2sin Acos A Ml
. V7 .
sin2A4 = _T or equivalent exact AlY (5)
Note: *ft. Requiresexact value, dependent on 2nd M
(b)1)
b 4 b 4 b 4 . . X b 4 . . A Ml
cos(?.x + —] + co{l.r - —] = cos2xCcos — — sin2xsin —  + c0s 2xcos — + sin2.xsin —
3 3 3 3 3 3
sZcostcos% Al
[This can be just written down (using factor formulae) for M1A1]
= cos2x AG Al* (3)
Note:
MIAI earned, if = 2cos 2xcos§ just written down, using factor thcorem
Final A1* requires some working after first result.
Question 5: Jan 07 Q1
Question
Number Scheme Marks
(a) sin36=sin(260+6)=sin26cosd+cos26sin Bl
=2$in0c0s20+(l—2sin29)sin0 Bl Bl
=2sin@—2sin’ @ +sin§—2sin’ M1
=3sin@—4sin’ 0 * cso | Al 5)
3
. V3 V3 343 343 943
b) sin3f=3x—-4| —| = - = or exact
®) 4 4 4 16 16 MI AT (2
equivalent

[7]
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Trigonometry (Addition,Double Angle & R Formulae)

Question 6: Jan 07 Q5
uestion
?:lumber Scheme Marks
(@  R*=(V3) +I* = R=2 M1 Al
tana =3 = a=§ acceptawrt 1.05 | M1 Al  (4)
. . 1
(b)  sin(x+ their a)=5 —| M1
x+ their @ == (5—” B—”) Al
66 6
X =%,“T” acceptawrt 1.57,5.74__| M1 A1 (4)
(8]
The use of degrees loses only one mark in this question. Penalise the first
time it occurs in an answer and then ignore.
Question 7: June 07 Q6
Question Scheme Marks
Number
(a) | Complete method for R: e.g. Rcosa=3. Rsma=2, R=\/(32 +2%) Ml
R=13 or 3.61 (or more accurate) Al
2
Complete method for tan & =§ [Allow tana = %] Mi
a=0.588 (Allow 33.7°) Al &
(b) | Greatest value = («/1—3 )-= 169 MIL. A1 (2
. 1 : i
3 | sin(x+0.588) = — =027735... sin(x + their @) = M1
(x+0.588) =0281(03... ) or 16.1° Al
(x+0.588) = 7—028103... M
Must be 7—their 0.281 or 180° —their 16.1° }
or (x+0.588) =27+0.28103... M
Must be 27+ their 0.281 or 360° + their 16.1° )
x=2273 or x=5976 (awrt) Both (radians only) Al (3)
If 0.281 or 16.1° not seen. correct answers imply this A mark (11 marks)
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Trigonometry (Addition,Double Angle & R Formulae)

Notes: (a) 17 M1 for correct method for R
2% M1 for correct method for tan
No working at all: M1A1 for V13, M1A1 for 0.588 or 33.7°.

NB. Rcos a =2, Rsin a =3 used. can still score M1A1 for R. but loses the A mark for a.
cosa =3, sina=2: apply the same marking.

(b) M1 for realising sin(x + @ ) ==1. so finding R*.

(c) Working in mixed degrees/rads : first two marks available
Working consistently in degrees: Possible to score first 4 marks
[Degree answers, just for reference only, are 130.2° and 342 4°]
Third M1 can be gained for candidate’s 0.281 — candidate’s 0.588 + 2n or equiv. in degrees
One of the answers correct in radians or degrees implies the corresponding M mark.

Alt: (c)

(1) Squaring to form quadratic 1n sin x or cos x
[13cos® x — 4cosx —8=0, 13sin’x — 6sinx — 3 =0]
Correct values forcos x= 0.953..., —0.646; or smx=0767. 227 awrt Al

For any one value of cos x or sinx. correct method for two values of x Ml
x=2273 or x=5976 (awrt) Both seen anywhere

M1

Al
Checking other values (0.307.4.011 or 0.869. 3.449) and discarding M1
(1) Squanng and forming equation of form a cos2x + bsin2x =¢
9sin’ x + 4cos’ x + 12sin2x =1 = 12sin2x + Scos2x =11
Setting up to solve using R formula e.g. V13 cos(2x—-1.176) =11 M1
I
(2x-1.176) =cos-1(—J =0.562(0... (@) Al
V13
2x-1176) =27 —a. 27+ . ......... M1
x=2273 or x=5976 (awrt) Both seen anywhere Al
Checking other values and discarding Ml
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Trigonometry (Addition,Double Angle & R Formulae)

Question 8: June 07 Q7

Quesnon? Scheme Marks
Number
sinf cosf sin’ @+cos’ 6
(@) t—= - M1
cosf@ smé cos&smn b
M1  Use of common denominator to obtain single fraction
1
" cosBsind M1
M1  Use of appropriate trig identity (in this case sin” @+cos” 8=1)
1 . :
= — Use of sin28@=2smBcos Ml
1sin28
= 2cosec28 (%) Al cso (4
Alt.(a) sm0+c9s6=tam9+ 1 _tan 6+1 Mi
cosf sinf tan & tan &
‘6
== M1
tan &
= L — = _l M1
cosfsiné  isin28
= 2cosec28 (%) (cso) Al
If show two expressions are equal. need conclusion such as QED. tick, true.
(®)

Shape
(May be translated but B1
need to see 4 sections™)

—o— = 6
. ' TPsaty==2,
i : asymptotic at correct )
E /\ /\ . x-values (dotted lines not Bldep. ()
' : : required)
(¢) | 2cosec26=3
. 2 2 L
sin 28 =— Allow — =3 [M1 for equation in sin2 &) M1 Al
3 s 26

(26) = [ 41.810...°,138.189._.°: 401.810...°.498.189...7]

1stM1 for @ 180 — & : 2®M1 adding 360° to at least one of values MI:MI
6=2009%69.1°,200.9% 249.1° (1dp.) awrt
Note | 1% Al for any two correct, 2** A1 for other two AlLAl (6)

Extra solutions in range lose final Al only
SC: Final 4 marks: 6= 20.9°, after MOMO 1s B1; record as MOMOA1AQ

tan9+L=3 and form quadratic . tan’@—3tan8+1=0 M1, Al

Alt.(c) tan &
(M1 for attempt to multiply through by tan6, Al for correct equation above)
345
Solving quadratic [tanf= ;/— =2618...or =03819...] Ml
8 =69.1°,2490.1° £=209°2009° (1dp) M1 Al Al

(12 marks)

(M1 1s for one use of 180° + @ °. A1Al as for main scheme)
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Trigonometry (Addition,Double Angle & R Formulae)

Question 9: Jan 08 Q6

Question
Number Scheme Marks
(a) cos(2x+x)=cos2xcos X —sin 2xsin x M1
=(2cos2 x—l)cosx—(?sinxcosx)sinx M1
= (3 cos’ x—l)cos x—2(1—cos’ x)cosx any correct expression | Al
=4cos’ x—3cosx Al C)]
®)6) co? X N l+sinx _ cos’ x-+'-(1+sin .1')‘ M1
I+sinx  cosx (I+sinx)cosx
cos’ x+1+2sinx+sin’ x
= - Al
(14+sinx)cosx
2(1+sinx)
= : ' M1
(1+sinx)cosx
2
=——=2secx X cso | Al 4)
cosx
1
(c) secx=2 or cosx= Py Ml
T Sw -
X="—,= acceptawrt 1.05. 524 [ Al. Al (3)
3 3
[11]
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Trigonometry (Addition,Double Angle & R Formulae)

Question 10: June 08 Q2
%uestlon Scheme Marks
Number
(@) | R*=5"+12° M1
R=13 Al
12
tana = — M1
J

a~1.176 Al cao (4)
(®) cos(r-a)—i M1

13

6
A‘—a=a1'ccosF=1.09l Al

3
x=1091 ... +1.176 ... ~2267 ... awrt 2.3 Al
x—a=-1.091 ... accept ... =519 .. forM M1
x=-1091 ...+1.176...~0.0849 ... awrt 0.084 or 0.085 Al (5)
©Q) | Ry =13 ft their R Bl ft
(11) | At the maximum, cos(x—a)=1o0r x—a=0 M1
x=a=1176 ... awrt 1.2_ ft their & Alft (3)
(12 marks)
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Trigonometry (Addition,Double Angle & R Formulae)

Question 11: Jan 09 Q6

Question
iEamiar Scheme Marks
(a)(i) sin36 =sin (26 +6)
=sin28cos@ +cos28smn b
=25in9cos€.cosé’+(l—25in2 6)sin6 M1 A1
=25in9(1—sin26)+sin9—25in36 M1
=3sinf—4sin° 8 X cso | Al 4)
(i) 8sin’ @—6sin@+1=0
—2sin368+1=0 M1 A1
gl M1
2
e
6 6
L AAL  (5)
18718
(b) sin15° = sin (60° —45°) = sin 60° cos 45° — cos 60°sin 45° M1
NG B (el M1 A1
2 Y2 2 42
=l\/6—l&‘2=l(‘16—\/2) * cso | Al 4)
4 4 4
[13]
Alternatives to (b)
@ sin15°=sin(45°—30°)=sin45°c0530°—cos45°sin30° M1
_ 1 3 11 M1 A1
N2 2 N2 2
=l\f6—l~‘2=l(~l6—\/2) * cso | Al 4)
4 4 4
@ Using cos26=1-2sin’ 8. cos30°=1-2sin’15°
2sinlls°=1—cos30°=1—"73
sin?150= 2-V3 M1 A1
1 \ il | 2-v3
(—(Vs-‘lz)] ~Ler2-2v12)= 2208 M1
4 16 4
Hence sin15°=%(‘J6—\(2) % cso | Al (4)
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Trigonometry (Addition,Double Angle & R Formulae)

Question 12: June 09 Q6

Hence, 3sin2x + 4c0s2x = 5cos(2x-36.87)

Question
Number Scheme Marks
Q (a) Applies A= B to cos(A4+B) to
A=B=>cos(A+A4) =cos24 = cosAcosA—sinAsin A : : .
give the underlined equation or | M1
cos24 = cos’ A—sin’ 4
c0s2A4 = cos’ A—sin’ 4 and cos’ 4 +sin’ A=1
gives
0524 = 1-sin° A-sin° A =1-2sin° 4 (as - ith a L
" i between LHS and RHS. No errors | A1 AG
required) seen.
(2)
(b) | ¢, =C, = 3sin2x =4sin’ x - 2cos2x Eliminating y correctly. [ M1
Using result in part (a) to
substitute for s’ x as
) 2 ilicoszxorksinzxas
35m2x=4($]-2c052x 2 M1
\ -~ + + -
k(—' 1 _.:*0321 )to produce an
equation i only double angles.
3sm2x =2(1-cos2x)— 2cos2x
3sin2x =2 - 2¢052x — 2€0S2X
3sin2x +4cos2x =2 Rearranges to give correct result | A1 AG
(3)
(c) | 3sin2x + 4cos2x = Rcos(2x—a)
3smn2x + 4c0s2x = Reos2xcosa + Rsm2xysma
Equate sin2x: 3=Rsma
Equate cos2x: 4=Rcosa
R=\3+4;={25=5 R=5|B1
tanag=+3 or tana =% 3 or &
tana =% = a =36.86989765.. sin@ =t gy Or cosa =iy .
awrt 36.87 | Al

(3)
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@ Trigonometry (Addition,Double Angle & R Formulae)

%‘:;:Sg: Scheme Marks

(d) | 3smn2x + 4cos2x = 2

Scos(2x—-36.87)=2

cos(2x—-36.87) = % cos(2x £ their ) = e & | M
(2x—36.87) = 66.42182_.° awrt 66 | A1
(2x-36.87) = 360 — 66.42182_."

One of either awrt 51.6 or awrt A1

Hence, x = 51.64591..", 165.22409.." 51.7 or awrt 165.2 or awrt 165.3
Both awrt 51.6 AND awrt 165.2 | Al

(4)
If there are any EXTRA solutions
inside the range 0 < x < 180 then
withhold the final accuracy mark.
Also ignore EXTRA solutions
outside the range 0 < x <180
[12]
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ﬁ Trigonometry (Addition,Double Angle & R Formulae)

Question 13: Jan 10 Q3

Question ' Mar}
Number =
(a) | Scosx —3sinx = Reos(x+a), R>0,0<x<%
Scosx —3sinx = Rcosxcosa — Rsinxsina
Equate cosx: S5=Rcosa
Equate sinx: 3=Rsina
R =y5+3 =34 {=583095.} K =5+3 |M;
T taion Sopsnng V34 orawrt 5.8 | Al
tana=+% or tana =+ or .
mam} = a = 0.5404195003..° sﬁa-iﬁi,—r or cosaxié—!
a =awrt 0.54 or
a=awrt 0177 or @ = —— ot
awrt 5.8
Hence, Scosx — 3sinx = /34 cos(x + 0.5404)
_ (4)
(b) | Scosx —3sinx =4
V34cos(x + 0.5404) = 4
cos(x+0.5404) = 4 {= 0.68599..} cos(x+their a) = 4 M1
73-4 their R
. 4
0.5404) = 0.814826916..° For cos™
(x+ ) applymg ( - R) M1
x = 02744..° awrt 0.27° | Al
(x +0.5404) = 27 - 0.814826916..° { = 5.468358..} 27 — their 0.8148 | ddM1
x = 49279.° awrt 4.93° | Al
Hence, x={027,493}
)
(9]

Part (b): If there are any EXTRA solutions mside the range 0 < x < 2, then withhold the final accuracy mark if the candidate
would otherwise score all 5 marks. Also 1gnore EXTRA solutions outside the range 0 < x < 2.
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% Trigonometry (Addition,Double Angle & R Formulae)

Question 14: Jan 10 Q8

Q"em m‘:f:r" Scheme Marks

cosec’2x —cot2x =1, (eqn*) 0<x<180°

Using cosec’2x =1+ cot’ 2x gives Writing down or using
cosec’2x = +1 % cot’2x | M1

2 — e
1+cot”2x —cot2x =1 or cosec’@ = +1+ cot’ 6.

For either cot” 2x — cot 2x {= 0}

cot’2x —cot2x=0 or cot’2x = cot2x Al
SRRk or cot’2x = cot 2x
Attempt to factorise or solve a
—1a ¥ quadratic (See rules for factonising
cot2x(cot2x—1)=0 or cot2x=1 i) o W dmt
cot 2x from both sides.
cot2x =0 or cot2x=1 Both cot2x =0 and cot2x =1. | A1
cot2x =0=> (tan2x —> ) => 2x =90, 270
= x=45.135 Candidateattemptstodn‘ldeatlcast
) one of their principal angles by 2. ddM
Thas will be usually implied by seeing
cot2x =1= tan2x =1 = 2X-4S, 225 x_zzsmmgﬁmcazx_l
= x=2251125

Both x=225 and x=112.5 | A1

Ovenall. x = {22.5, 45.112.5,135} e

71

If there are any EXTRA solutions inside the range 0 < x <180° and the candidate would otherwise
score FULL MARKS then withhold the final accuracy mark (the sixth mark i this question).
Also 1gnore EXTRA solutions outside the range 0 < x <180".
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Trigonometry (Addition,Double Angle & R Formulae)

Question 15: June 10 Q1

Question
iRerEar Scheme Marks
2sinfcos &
() 1+ 2cos’ 6 -1 W
Z sin6 cos® :
L =tan @ (as required) AG Al cso
Z cos B cost ¢ )
(2)
®) | 2tan8=1 = tan&:% M1
8, = awrt 26.6° Al
6, = awrt —153.4° Ay
(3)
[5]

(a) M1: Uses both a correct identity for sin 26 and a correct identity for cos26.
Also allow a candidate writing 1+ cos26 = 2cos’ 8 on the denomunator.

Also note that angles must be consistent in when candidates apply these identities.
Al: Correct proof. No errors seen.

(b) 1" M1 for either 2tané =1 or tané = % seen or implied.

Al: awrt 26.6
A1y : awrt—1534" or 6, =—180° + 4,

Special Case: For candidate solving, tan& = k, where k = 4, to give 6 and

6, =-180" + &,, then award MOAOBI1 1 part (b).

Special Case: Note that those candidates who writes tan& = 1, and gives ONLY
two answers of 45" and —135' that are inside the range will be awarded SC MOAOB1.
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@ Trigonometry (Addition,Double Angle & R Formulae)

Question 16: Jan 11 Q1

Ihm:)igrn S o
(a) | 7cosx - 24sinx = Rcos(x+a)
TJcosx — 24smmx = Rcosxcosa—Rsmnxsmna
Equate cosx: 7=Rcosa
Equatesinx: 24=Rsmna
R= 7424 ;225 R=25|B1
M =
tana = % = a =1287002218..° s O ot B i
awrt 1.287 | Al
Hence, 7cosx —24sinx = 25cos(x +1.287)
3)
(b) | Minimum value = —25 —250r —R | Bift
(1
(c) | 7cosx — 24smx = 10
25cos(x +1.287) =10
10 : 10
287) = — cos(xttheirr @) = ———
cos(x +1.287) 2 ( ) (their R) M1
PV =1.159279481..° or 66.42182152.° For applying cos™ - M1
their R
1 2 — their PV*
So, x+1.287 = {1.159279..%, 5.123906..° , 7.442465..°} Faicy Tw 3 YO M
360 + or — their PV
. b5 awrt 384 OR 6.16 | Al
gives, x = {3.836906..., 6.155465...} wrt 3.84 AND 6.16 | A3
(3)
9]
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% Trigonometry (Addition,Double Angle & R Formulae)

Question 17: Jan 11 Q3

Question
Number

2c0s26 =1—-2smn6

Substitutes either 1 — 2sin’
2(1-2sin6) =1~ 2sin6 or 2cos’6—1 | M1
or cos’ 6 —sin’ & for cos26.

4sn’6 —2snb-1=0 Forms a “quadratic 1 sine” =0 | M1(*)
- 2+ ,/4-4(4)-1) Applies the quadratic formula M1
T 8 See notes for alternative methods.

PVs: ¢y =54" or a, =-18
Any one correct answer | Al

6 ={54,126,198, 342} 180-their pv | dM1(*)
All four solutions correct. | Al

(6]
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Question 18: June 11 Q6

Trigonometry (Addition,Double Angle & R Formulae)

www.natkermaths.com

Question Scheme Marks
Number
(a) 1 cos2¢ 1 —cos26 M1
sin26  sin26  sin26
2sin%@ MI1A1
2sinfcosf
_ ;
=== =tan e cso 24 b
cos@ (4)
©®0) 1 cos30°
tan15° = — B— Ml
sin30° sin30°
V3
tanlS°—i—z—2— /3 cso
’ S T v dM1 Al*
2 2
(3)




Trigonometry (Addition,Double Angle & R Formulae)

(b)(11) tan2x =1 il
2x = 45 Al
2x = 45° + 180°
M1
x = 22.5°,112.5° 202.5°,292.5° Al(any two)
Al
(5)
Alt for (b)(1) 12 Marks
tan 15° = tan(60° — 45°) or tan(45° — 30°)
A tan60 — tan45  tan45 — tan30 M1
= =1+ tan60tan4s ° 1 + tan45tan30
, V3
V3—1 b M1
tan 15° = " 3 or =
— 34 %
Rationalises to produce
tan15° =2 — V3 Al*
Question 19: June 11 Q8
Question Scheme Marks
Number
(a) R% =22 + 32 M1
R=+V13o0r361... A1
3
tana = 3 M1
a = 0.983 ... Al
(4)
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