QL.

4 (i)

(ii)

Q2.

4 ()

(ii)

Use tan (A t B) formula to obtain an equation in tan x
tanx+1 _ 4 (1-tanx)
I-tanx 1 +tanx

Transform to a 2- or 3-term quadratic equation
Obtain given answer correctly

State equation

, or equivalent

Solve the quadratic and calculate one angle, or establish that
t ="/, 3 (only)

Obtain one answer, e.g. x = 18.4° + 0.1°

Obtain second answer x = 71.6° and no others in the range

[lgnore answers outside the given range]

State answer R=5
Use trigonometric formulae to find a
Obtain answer a = 53.13°

Carry out, or indicate need for, calculation of sin'1(4.5/5)

Obtain answer 11.0°

Carry out correct method for the second root e.g. 180° —64.16° — 53.13°
Obtain answer 62.7° and no others in the range

[lgnore answers outside the given range.]

(iii) State least value is 2

Q3.

1 (i) Use trig formuoe lo express LHS m lerms of ¢0s rand sin ¥
Ve gorrect exancl villoes ol oos 60°, Sn O0F, cic
Clstdn grven answer
(i) State or imply answer is cos ' (1/ 1)
Obiain answer 34 75
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Q5.

Q6.

3

Q7.

(i) StateR= 26 Bl

Use trig formula to find a M1
Obtain & = 11.31° with no errors seen Al
4
(ii) Carry out evaluation of cos™" ( J2_6 ) (= 38.3288...°) Ml
Obtain answer 27.0° Al
Carry out correct method for second answer M1
Obtain answer 310.4° and no others in the range Al

[Ignore answers outside the given range.]

Use tan” x = sec’ x—1 orsin” x= 1 —cos” x

Obtain 3-term quadratic in sec x or cos x, e.g. 2sec’ X + sec X — 6 =0
Make reasonable solution attempt at a 3-term quadratic

Obtain sec x = % and sec x = -2, or equivalent

[or 6cos’x —cosx—2=0
cosx= %, Y]
Obtain answer x = 48.2°
Obtain answer x = 120° and no others in the range
[Ignore answers outside the given range.]

(i) Use tan(A4 + B) formula to obtain an equation in tanx
Use tan45° = | and obtain a correct equation in any form
Obtain the given equation correctly

(ii) Solve the given quadratic in tanx and evaluate an inverse tangent
Obtain a correct answer, e.g. 18.4°
Obtain second answer, e.g. 26.6°, and no others in the given interval

M1
Al
M1

Al

Al
Al

[Treat the giving of answers in radians as a misread. Ignore answers outside the given interval.]

(i) Use correct sin(4 — B) and cos(A4 — B) formulae
Substitute exact values for sin 30° etc.
Obtain given answer correctly

53 . 1
(ii) State \/5 sinx = ESCC X
Rearrange to sin 2x = k, where 4 is a non-zero constant

Carry out evaluation of %sin '(Lj

V3
Obtain answer 17.6°
Carry out comrect method for second answer
Obtain remaining 3 answers from 17.6°, 72.4°, 197.6°, 252.4° and no others in the
range
[Ignore answers outside the given range]
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Q8.

8 (i) Stateorimply R= V52 or 2413
Use appropriate formula to find a
Obtain 56.31°

(ii) Attempt to find at least one value of ¢ — «
Obtain one correct value 80.9° of
Carry out correct method to find second answer

Obtain 211.7° and no others in range

(iii) Obtain 60, following their value of R
Obtain 8. Allow quoted solution

Q9.

8 (i) Use cosecl=

- and sect) =
sin @ cosd

Attempt to simplify left-hand side
Confirm given right-hand side 4cos26 with no errors seen

(ii) (a) State or imply cos26 = %

Attempt correct process to find at least one angle
Obtain 20.7°
Obtain 159.3° and no others in range

4cos30°

(b) Recognise as =
" sin” 30°

Obtain 843

Q10.

4 () Usesec’@=1+tan’ @
Attempt solution of quadratic equation in tan &
Obtain tan” #— 12 tan@ + 36 =0 or equivalent and hence tan =6

(ii) (a) Attempt use of tan(4 — B) formula
Obtain 3 following their value of tan &

(b) Attempt use of tan 2@ formula
Obtain —4%

Q11.
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4

(@

(ii)

State or imply R=15
Use appropriate formula to find a
Obtain 53.13°

Attempt to find at least one value of 60—«
Obtain one correct value 68.6° of &

Carry out correct method to find second answer
Obtain 217.7° and no others in range

(iii) State 15, following their value of R from part (i)

Q12.

7

U]

(ii)

(iii)

(ii)

Q14.

State R = «/5
Use trig formula to find «
Obtain o =21.80" with no errors seen

4
Carry out evaluation of sin "(E) (z 47.970)

Carry out correct method for one correct answer

Obtain one correct answer e.g. 13.1°

Carry out correct method for a further answer

Obtain remaining 3 answers 55. 1°,193.1",235.1" and no others in the range

Greatest value of 10 sin 20 + 4 cos 20 = 2v29
1

116

Use correct sin(4 — B) and cos(4 — B) formula
Substitute exact values for cos 30° etc.
Obtain given answer correctly

State 2cosec x = 3cot’ x — 2

Use cot’x = cosec’ x— 1

Attempt solution of quadratic equation in cosec x or sin x
(3cosec’ — 2cosecx — 5 = 0 or Ssin’x = 2sinx —3 = 0)

Obtain sin x = % or-1

. .3
(Obtain one correct answer for sin '(g)

Obtain remaining 2 answers from 36.9°, 143.1°, 270 ° and no others in the range

[Ignore answers outside the given range]
SC Ifonly answer given is 270°
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5 (i) Use relevant formulae for cos (x - 30°) and sin (x — 60°) { C,RQO\u (SN Cj:\ LyreY } Ml* ®
Use sin 30° = cos 60° =-§- and sin 60° = cos 30° =i2-3— MI(dep*)
Collect terms and obtain given answer correctly Al 3
(ii) Carry out correct processes to evaluate a single trig ratio Ml
Obtain answer 73.9° Al
Obtain second answer 253.9° and no others Al 3
(iii) State or imply that cos’¥ =1 or sin’x=12 Bl
Use a relevant trig formula to evaluate cos 2x Ml g
_ Obtain exact ariswer ~11 correctly Al 3
[Use of only say cosx =+ 7:? , probably from a right triangle, can earn BIM1A0.]
Q15.
4 (i) State answer R =2 Bl
Use trig formula to find o M1
Obtain answer o = — 7 Al
3
131
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(ii) Carry out, or indicate need for, evaluation of cos™( «/E /2) M1*
’ o . 7
Obtain, or verify, the solution 0= E” Al
Attempt correct method for the other solution in range
i.e. —cos' (V2 /2) +a _MI(dep*)
. . 1 25
Obtain solution = —x : [M1AO for —”] Al
12 12
[4]
Q16.
3 At any stage, state answer x = 90° (c.w.0) B1
Write the equation in the form 6sin x cos x = cos x B1
Remove factor of cos x and solve an equation in sin x for x M1
Obtain answer x = 9.59° and no others in the range (9.6° OK: rubric) A1 4

(Ignore answers outside the given range.)



Q17.

8(i)  State answer R= 2 B1
Use trigonometric formulae to find o M1
Obtain answer a. = %n (NOT 45°, unless 45° = %csomewhere, later) A1l
(i) Usecos @ +sin #= \/Eoos(a—%n) to justify the given answer B1
(iii)  Differentiate using the quotient or product rule M1
Obtain derivative in any cormrect form A1
Obtain the given answer correctly A1l
% " . 7 | 2
(iv)  Convert integrand to give jisec (CEs %)de B1
2 < 1
Integrate, to obtain function Ftan (8- 1) M1
Substitute (correct) limits correctly, to obtain given resulit A1
Q18.
A (i} State answer i = 18 2]
Ll (rig Socmubs 1 find o A
Obtoay & ~ 22 627 Al
{1y Carry mui evahmtion af cos ™| "»,. (=39.715 9 M1
sty amswer 171 Al
Lasvy out sorrect methad for second answesr M
Orvaen wnywer 297 7 and vo oiliers i the range ALS

|[gnore answers meside 1he given mmage |

Q109.
4 (i) Usetanid = 23 formula to express LHS in terms of fan x Mi
linz+] I-tanx p
e A alent Al
I—fanz l+tans' o
Make relevani use of the tan 2A formula M1
Obigin given answers correcily Al
(ii) Stale or imply 2r=tan" (2/2) Ml
Obtain mmx‘zzé' Al
Obemin answer x =1121° and no others in range Al
Q20.



6 () State answer R =17, allow /289
Use trig formula to find &
Obtain & =61.93°, (1.08 radians)

(ii) Carry out evaluation of sin “1(14/17) ~55.44°, or equivalent
Obtain answer 117.4°, (2.06 radians)
Carry out correct method for second answer
Obtain answer 186.5° and no others in the range (3.255 radians)
[Ignore answers outside the given range.]

Q21.

4 (i) Use correctsin(4 + B) and cos(4 + B) formulae
Substitute exact values for sin 30° etc.
Obtain given answer correctly

(ii) Solve forx
Obtain answer x = 10.9°
Obtain second answer x = —169.1° and no others in the range
[Ignore answers outside the given range.]

Q22.

(i)

Q23.

(ii)

Q24.

Use trig formulae to express equation in terms of sin x and cos x
Use cos 60° = % and sin 60° = £ , or equivalent

Obtain equation in sin x and cos x in any correct form
Obtaintanx= 3 /5 ,or0.3464.. ., or equivalent

Obtain answer x = 19.1°
Obtain answer x = 199.1° and no others in the range
[ignore answers outside the given range.]

State answer R=15
Use trig formula to find a
Obtain a = 53.13°

Evaluate cos™' (4.5/5) = 25.84°

Obtain answer 79.0°

Carry out correct method for second answer

Obtain answer 27.3° and no others in the given range

[Treat the giving of answers in radians as a misread. Ignore answers outside the

given range. ]
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Q25.

6

Q26.

Q27.

Q28.

Use correct trig identity to obtain a quadratic in cot@ or tan@

Solve the quadratic correctly

Obtain tan @ = 1 or — z
2 3

Obtain answer 26.6° or 146.3°

Carry out correct method for second answer from either root

Obtain remaining 3 answers from 26.6°, 146.3°, 206.6°, 326.3° and no others in the range
[Ignore answers outside the given range]

(i) StateR=+5
Use trig formula to find &
Obtain & = 26.57° with no errors seen

- ’ . g £0.4
(ii) Carry out evaluation of sin™ | — = (z +1 0.3048°)
V5
Obtain answer 16.3°
Carry out correct method for second answer
Obtain answer 216.9° and no others in the range

() State R= 34
Use trig formula to find &
Obtain a = 30.96° with no errors seen

=4
(ii) Carmry out evaluation ofcos"(?] (= 46.6861° or 313.3139°)

Obtain answer 15 .7°
Carry out correct method for second answer
Obtain answer 282.3° or 282.4° and no others in the range

(iii) State —3+/34 (=-3R)

Use trig identity correctly to obtain a quadratic in tan 20
Solve the quadratic correctly

Obtain tan 20 =1 or —%

Obtain one correct answer

Carry out correct method for second answer from either root

Obtain remaining 3 answers from 22.5°, 112.5°,70.7°, 160.7° and no others in the range
[Ignore answers outside the given range]
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3 Make relevant use of the cos 26 formula M1

Obtain a correct quadratic in cos ¢ Al
Solve a quadratic in cos ¢ M1
Obtain answer ¢ = 60 and no others in the range Al [4]

(Ignore answers outside the given range)

Q29.

8 (a) Use tan (4 + B) formula to obtain an equation in tan B M1
State equation R =4, or equivalent Al
l-ttanB
< 4-1
Solve to obtain tan B = Al [3]
1+ 4r
(b) State equation {M} =3tanx, or equivalent B1
1+ tan45tan x
Transform to a quadratic equation M1
Obtain 3tan” x + Stanx — 2= 0 (or equivalent) Al
Solve the quadratic and calculate one angle, or establish that tan x =14, -2 M1
Obtain one answer, e.g. x = 18.4° Al
Obtain other 3 answers 116.6°, 198.4°, 296.6° and no others in range Al [€]
7 () State R=+10 Bl
Use trig formula to find M1
Obtain @ = 18.43" with no errors seen Al [3]
- ; af 2 0
(ii) Carry out evaluation of cos E (= 50.77 ) M1
Carry out correct method for one correct answer M1
Obtain one correct answer e.g. 34.6° Al
Carry out correct method for a further answer M1
Obtain remaining 3 answers 163.8°, 214.6°, 343.8° and no others in the range Al [5]
Q3L.
3 Use trig identity correctly to obtain a quadratic in cosec 0 or sin 0 M1
Solve the quadratic correctly M1
Obtainsin0 =Y or — % Al
Obtain one correct answer Al
Carry out correct method for second answer from either root DMI1
Obtain remaining 3 answers from 14.5, 165.5, 221.8, 318.2 and no others in the range Al
[Ignore answers outside the given range] [6]

Q32.



2 Use sin20 = 2sin@cos@ Bl
Simplify to obtain form ¢, sin® @ = ¢, or equivalent M1
Find at least one value of @ from equation of form sind =k Ml
Obtain 35.3° and 144.7° Al
Q33.
7 (i) Usesec’a=l+tan’ Bl
Confirm 3tan” @+ 4tancz —4=0 Bl
Solve quadratic equation for tan & M1
Obtain, finally, tana = % only Al
(ii) State or imply tan(e + ﬁ) = 13 Bl
2
State ﬂ = l, following their value of tan & B1V
I-stanf 6
Solve equation of form S forz M1
c+dt
. 9
Obtain tan f=—— Al
20
: 20 i
Conclude with cot = -y or exact equivalent Al
Q34.
7 (i) State or imply R=13 Bl
Use appropriate formula to find « M1
Obtain 67.38° Al
53 . 1 8 : 8
(ii) Attempt to find at least one value of cos B or cos z M1
Obtain one correct value of @ (240.6 or 344.6) Al
Carry out correct method to find second value of & within the range DM1
Obtain second correct value (344.6 or 240.6) Al
(iii) State or imply 7+13 cos(%gﬁ + 67.38) following their answers from part (i) B1Y
State 20 Bl
Attempt to find ¢ for which cos(§¢+ 67.38): 1 M1
Obtain 585.2 Al
P3 (variantl and 3)

QL.
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2 Use correct cos 24 formula and obtain an equation in sin & M1

Obtain 4sin” @ +sin@ —3 =0, or equivalent Al
Make reasonable attempt to solve a 3-term quadratic in sin & M1
Obtain answer 48.6° Al
Obtain answer 131.4° and no others in the given range AlY
Obtain answer 270° and no others in the given range Al [6]

[Treat the giving of answers in radians as a misread. Ignore answers outside the given range.]

Q2.

3 Attempt to use tan(4 £ B) formula and obtain an equation in tanx M1
Obtain 3-term quadratic 2 tan’x + 3 tanx — 1 =0, or equivalent Al
Solve a 3-term quadratic and find a numerical value of x M1
Obtain answer 15.7° Al
Obtain answer 119.3° and no others in the given interval Al [5]

[Ignore answers outside the given interval. Treat answers in radians, 0.274 and 2.08, as a misread.]

Q3.

9 (i) Expresscos4 as2cos’ 26— 1or cos 20—sin’ 26 or 1 —2sin’ 26 Bl
Express cos 40 in terms of cosé Ml
Obtain 8 cos*d — 8 cos’@ + 1 Al
Use cos26 =2 cos’@ — 1 to obtain given answer 8 cos*0 -3 AG Al [4]
(ii) (a) State orimply cos*f= % Bl
Obtain 0.572 B1
Obtain —0.572 Bl [3]
(b) Integrate and obtain form k, 0+ k, sin 40+ k; sin 260 M1
Obtain 36 +75sin46+ Lsin 20 Al
Obtain 57 ++ following completely correct work Al [3]

Q4.

4 (i) Usetan(4 £ B) formula correctly at least once and obtain an equation in tanf M1
Obtain a correct horizontal equation in any form Al
Use tan60° = 3 throughout M1
Obtain the given equation correctly Al [4]

(ii) Set k=33 and obtain tan’0 = 1'—1 Bl

Obtain answer 16.8° B1V
Obtain answer 163.2° BIV [3]
[Ignore answers outside the given interval. Treat answers in radians (0.293 and 2.85) as a
misread.]

Q5.

11



6 (i) Usetan (4 + B)and tan 24 formulae to obtain an equation in tan x M1

Obtain a correct equation in tan x in any form Al
Obtain an expression of the form atan® x =5 M1
Obtain the given answer Al [4]
(ii) Substitute k= 4 in the given expression and solve for x M1
Obtain answer, e.g. x = 16.8° Al
Obtain second answer, e.g. x = 163.2°, and no others in the given interval Al [3]

[Ignore answers outside the given interval. Treat answers in radians as a misread and
deduct A1 from the marks for the angles. ]

(iiii) Substitute k=2, show tan” x <0 and justify given statement correctly B1 [1]
Q6.
9 (i) State orimply R=5 Bl
Use relevant trigonometry to find « M1
Obtain a=0.6435 Al [3]
(ii) (a) Carry out appropriate method to find one value in given range M1
Obtain 1.80 Al
Carry out appropriate method to find second value in given range M1
Obtain 5.77 and no other value Al [4]
(b) Express integrand as ksec’(8 — their &) for any constant k M1
Integrate to obtain result & tan(é — their ) Al
Obtain correct answer 2 tan(é —0.6435) Al [3]
Q7.
3 Use correct tan 24 formula and cot x = 1/tan x to form an equation in tan x M1
Obtain a correct horizontal equation in any form Al
Solve an equation in tan*x for x M1
Obtain answer, e.g. 40.2° Al
Obtain second answer, e.g. 139.8°, and no other in the given interval Al [5]

[Ignore answers outside the given interval.]
[Treat answers in radians as a misread and deduct Al from the marks for the angles.]
[SR: For the answer x = 90° give Bl and A1 for one of the other angles.]

Q8.

12



Q9.

8

Attempt use of cos(4 + B) formula to obtain an equation in cos #and sin & M1

Use trig formula to obtain an equation in tan &(or cos &, sin & or cot ) M1
Obtain tan 8 = 1/(4 + «/5) or equivalent (or find cos 6, sin dor cot ) Al
Obtain answer 6= 9.9° Al
Obtain &= 189.9°, and no others in the given interval Al

[Ignore answers outside the given interval. Treat answers in radians as a misread
(0.173,3.31).]

P >
[The other solution methods are via cos @=+(4 + \/5 )/ \l(l - (4+ «JE}) or

sin 6= +1/ (1+(4+J§f) ]

(U]

(ii)

Q10.

Q11.

(U]

(ii)

Obtain or imply R =4 Bl
Use appropriate trigonometry to find « Ml
Obtain @ = 52.24 or better from correct work Al
(a) State or imply 0—a=cos"'(—4+R) Ml
Obtain 232.2 or better Al
(b) Attempt at least one value using cos ' (3+ R) M1
Obtain one correct value e.g. +41.41° Al
Use lo—a=cos"(i) to find & M1
2 R
Obtain 21.7 Al
State or imply R = J1o Bl
Use trig formulae to find a M1
Obtain & = 71.57° with no errors seen Al

[Do not allow radians in this part. If the only trig error is a sign error in cos(x — a) give
MI1A0]

Evaluate cos™ (2/\/1_0) correctly to at least 1 d.p. (50.7684...°) (Allow 50.7° here) B1Y
Carry out an appropriate method to find a value of 26 in 0° <20 < 180° M1
Obtain an answer for ¢ in the given range, e.g. 0= 61.2° Al
Use an appropriate method to find another value of 26 in the above range M1
Obtain second angle, e.g. # = 10.4°, and no others in the given range Al

[Ignore answers outside the given range. ]

[Treat answers in radians as a misread and deduct A1 from the answers for the angles.]
[SR: The use of correct trig formulae to obtain a 3-term quadratic in tan 6, sin 20,
cos 20,or tan 26) earns M1; then A1 for a correct quadratic, M1 for obtaining a value of ¢
in the given range, and A1 + Al for the two correct answers (candidates who square must
reject the spurious roots to get the final A1).]
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3 (i) State or imply R =17 Bl
Use correct trigonometric formula to find a M1
Obtain 61.93° with no errors seen Al 3]
(ii)  Evaluate cos™ ® (=45.099) M1
Obtain answer 107.0° Al
Carry out correct method for second answer M1
Obtain answer 16.8° and no others between 0° and 360° Al [4]
Q12.
3 Attempt use of sin (4 + B) and cos (4 — B) formulate to obtain an equation in cos 0 and sin 6 M1
Obtain a correct equation in any form Al
Use trig. formula to obtain an equation in tan 0 (or cos 0, sin 6 or cot 0) M1
Obtain tan 6 = , or equivalent (or find cost 6, sin 6 or cot 0) Al
Obtain answer 6 = 105.9°, and no others in the given interval Al [9]

[Ignore answers outside the given material]

Q13.

2 (i) State orimply R=25 Bl
Use correct trigonometric formula to find « M1
Obtain 16.26° with no errors seen Al 3]
e L | 17 o
(ii)  Evaluate of sin i (=42.84...°) Ml
Obtain answer 59.1° Al [2]

Q14.

14



()

(i)

(iii)

Q15.

()

(ii)

Q16.

3

(i)

(ii)

Q17.

Use sec9=; and cosecl =—
cosé sin@

Use sin 260 = 2sinfcos@ and to form a horizontal equation in sin# and cos @ or
fractions with common denominators
Obtain given equation 2sin &+ 4cos# =3 correctly

State or imply R = V20 or4.47 or equivalent
Use correct trigonometry to find &
Obtain 63.43 or 63.44 with no errors seen

Carry out a correct method to find one value in given range
Obtain 74.4° (or 338.7°)

Carry out a correct method to find second value in given range
Obtain 338.7° (or 74.4°) and no others between 0° and 360°

State sin2 @ = 2sina cosa and seca = 1/cosa Bl

Obtain 2sin & Bl

Use cos2f8= 2cos’ 1 or equivalent to produce comrect equation in cosf Bl

Solve three-term quadratic equation for cosf M1

Obtain cosff = 15 only Al
Use tan(4 £ B) formula and obtain an equation in tan x

Using tan60° = NE) , obtain a horizontal equation in tan x in any comrect form
Reduce the equation to the given form

Solve the given quadratic for tan x
Obtain a correct answer, e.g. x = 21.6°
Obtain a second answer, e.g. x = 128.4°, and no others

[Ignore answers outside the given interval. Treat answers in radians as a misread
(0.377,2.24).]

15

Bl

M1
Al

Bl
M1
Al

M1
Al
M1
Al

M1

Al
Al

M1
Al
Al

i3]

3]

[4]

(2]

[3]



8 (i) Usesin(4+ B) formula to express sin3@in terms of trig. functions of 268and @

Use correct double angle formulae and Pythagoras to express sin3€in terms of sin#

Obtain a correct expression in terms of siné in any form
Obtain the given identity

[SR: Give M1 for using correct formulae to express RHS in terms of sinfand cos2 &,

then M1AL1 for expressing in terms of sinfand sin38only, or in terms
of cos@, sinf, cos2 fand sin26, then Al for obtaining the given identity. ]
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(ii) Substitute for x and obtain the given answer Bl [1]
(iii) Carry out a correct method to find a value of x M1

Q18.

Obtain answers 0.322, 0.799, -1.12
[Solutions with more than 3 answers can only earn a maximum of Al + Al.]

4 (i) Either Use cos(A + B) correctly at least once

State correct complete expansion
. . . 1
Confim given answer cos & with explicit use of cos60” = 2

SR: “correct” answer from sign errors in both expansions is Bl only

Or Use correct cos A +cos B formula

(ii) State or imply

State correct result e.g. 2 cos(%j cos(%)

Confim given answer cos @ with explicit use ofcos(i 60"):

M| —

cos2x -3

COs X

Obtain equation 2cos” x—3cosx—1=0
Solve a three-term quadratic equation for cos x

1
Obtain 7 (3— 17 ) or exact equivalent and, finally, no other

16

Al+Al+Al  [4]
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