Dr Oliver Mathematics
Mathematics
Trigonometry Part 2
Past Examination Questions

This booklet consists of 49 questions across a variety of examination topics.

The total number of marks available is 473.

1. (a) Given that sin® 6 + cos? § = 1, show that 1 + tan?6 = sec? 6.

Solution

sin? 6 N cos?f 1
cos26  cos?f  cos?d
= tan’f 4+ 1 = sec? 6.

sin?f + cos’0=1=

(b) Solve, for 0° < 6 < 360°, the equation

2tan’ 6 + sech = 1,

giving your answer to 1 decimal place.

Solution
2tan?f +sec = 1 = 2(sec’ — 1) +sech = 1

= 2sec’f — 2 +sech =1
= 2sec’f +sech —3 =0
= (2secf + 3)(secd —1) =0
= secl = —% or secd =1
= cosf = —% or cosf = 1.

cosf = —%:

cosf = —% = 0 = 131.8103149, 228.1896851 (FCD)
— 0 = 131.8, 228.2 (1 dp).
cosf = 1:
cosl=1=0=0




(a) Using the identity cos(A + B) = cos A cos B — sin Asin B, prove that
cos2A =1 — 2sin® A.

Solution

cos2A = cos(A + A)
= cos Acos A — sin Asin A
= cos’ A — sin® A
= (1 —sin® A) —sin® A
=1-2sin’ A.

(b) Show that
2sin26 — 3cos26 — 3sinf + 3 = sinf(4cosf + 6sinf — 3).

Solution

2sin20 — 3cos20 — 3sinf + 3
4sinfcos — 3(1 —2sin*@) — 3sind + 3
4sinfcosf — 3 + 6sin? 6 — 3sinf + 3
4sin @ cosf + 6sin*f — 3sin §
sin (4 cos @ + 6sinf — 3).

R

(c) Express 4cosf 4+ 6sinf — 3 in the form Rsin(f + ), where R > 0 and 0 < o < 7.

Solution
Rsin(f 4+ o) = Rsinf cosa + Rsinacosf

and we have
Rcosa =6 and Rsina = 4.

Now,

R=+/62+42 =213

and :
sin o 2

=3 = o = 0.5880026035 (FCD).

tana =
Ccos o

(4)



(d) Hence, for 0 < z < 7, solve
2sin 20 = 3(cos 20 + sinf — 1),

giving your answer in radians to 3 significant figures, where appropriate.

Solution

25sin 260 = 3(cos 20 + sinf — 1)

2sin20 — 3cos20 — 3sinf +3 =0
sin@(4cosf + 6sinf —3) =0

sinf = 0 or 4cosf + 6sinf = 3

sinf = 0 or 2v/13sin(f + 0.588...) = 3.

bu vy

sinf = 0:

e

sinf =0=0=

24/13sin(f + 0.588...) = 3:

2v/13sin(f + 0.588 . . .)
sin(f + 0.588...) = 3y13

6+ 0.588...=0.429... (not a solution), 2.712...
0 = 2.124 520201 (FCD)

0 =2.12 (3 sf).

3

R

f(x) = 12cosz — 4sinx.
Given that f(z) = Rcos(z + a) where R > 0 and 0° < a < 90°,
(a) find the value of R and find the value of «.

Solution

Rcos(z + a) = Rcoszcosa — Rsinzsin

and we have
Rcosa =12 and Rsina = 4.

Now,

R =+/122 + 42 = 44/10




and )
sin o 1

5 = @ = 1843494882 (FCD) = 18.4 (1 dp).

(b) Hence solve the equation
12cosx —4sinx =7,

for 0° < x < 360°, giving your answers to 1 decimal place.

Solution

12cosx —4sinz = 7= 4v10cos(z + a) = 7
= cos(r + o) = %01*0
= x4+ 18434... =56.399... or 303.600...
=1 =37.964... or 285.165. ..
= = 38.8 or 285.2 (1 dp).

(c) Write down the minimum value of 12 cosx — 4 sin .

Solution

—44/10.

(d) Find, to 2 decimal places, the smallest positive value of x for which this minimum

value occurs.

Solution

cos(z +a) = —1=x+18.434... =180
— 2 = 161.5650512 (FCD)
— 1z = 161.57 (2 dp).

4. (a) Show that

. cos 2x . 1
T = — — Yy 7.
(i) oot L sing - COST gl T, & #(n—)m ne

Solution




cos 2z cos?x — sin’z

cos + sinx cosT + sinx
_ (cosz —sinz)(cosz + sinx)

cosx + sinx
=cosSx — Sinzx.

(ii) 1(cos2z —sin2z) = cos’z — coswsinz — L.

Solution

1(cos 2z —sin2z) = 1(2cos® z — 1 — 2sinz cos x)
1

= cos’x — cosx sinx — 3

(b) Hence, or otherwise, show that the equation
0 cos 20 1
cosf | ———— | ==
cos ) + sin ¢ 2

sin 20 = cos 20.

can be written as

Solution
cos 20 L . 1
cos 6 (m) = 5 = cosf(cosf —sinf) =
:COSQG—SiHHCosﬁzé
= 1(1+ cos20) — $sin260 = 1
(ALY 1. 1
:>§+§COSQQ—§SID29:§
= 20820 — £sin20 = 0
= cos 20 = sin 20.

(c) Solve, for 0 < z < 2,
sin 260 = cos 20,

giving your answers in terms of .



Solution

sin 260 = cos 260 = tan 20 = 1

_ 7 5m 9r 1sr
=20=1 0, T 3

— & b 9r 13w
=0=5%5 % % 5

(a) Using sin®@ + cos?# = 1, show that cosec? § — cot?§ = 1.

Solution

sinf  cos’6 1
) . 9 = . 9
sin“d sin“f  sin“ 0

= 1+ cot?f = cosec®

sin?é + cos’0=1=

= cosec? 6 — cot’fH = 1.

(b) Hence, or otherwise, prove that

cosect 0 — cot? 6 = cosec? 6 + cot? 6.

Solution

cosect § — cot* @ = (cosec? f — cot? §)(cosec? § + cot? 0)

= cosec? O + cot? 6.

(c) Solve, for 90° < = < 180°,

cosect 0 — cot*H = 2 — cot b.

Solution




6.

cosect @ — cot* 0 = 2 — cot 6

cosec? 6 + cot?’f = 2 — cot

=
= (1 +cot?d) +cot’d = 2 — cot §

= 2cot’@+cot —1=0

= (2cotf —1)(cotfd +1) =0

= cotf = —1 (as cotf = 3 does not have a solution)
= 0 =135.

(a) Given that cos A = 2, 270° < x < 360°, find the exact value of sin 2A.

Solution

sin2A+C082A£1:>sin2A+l%El

= sin? A = %

=[S

= sin A = —¥-,

as sin A < 0. Hence

S

sin2A = 2sin Acos A = 2 x (—¥T) x 2 = — T

(b) (i) Show that cos(2x + ) + cos(2z — %) = cos 2.

Solution
cos(2z + %) + cos(2r — %)
(cos 2z cos § —sin2zsin ) + (cos 2z cos § + sin 2z sin %)
= 2c082x o8 g
= cos2z.
Given that

y = 3sin’z + cos(2z + %) + cos(2x — F),

d
(ii) show that d_y = sin 2z.
T



Solution

y = 3sin’z + cos(2z + %) + cos(2x — I)

y = 3sin®z + cos 2z

d

&Y _ 6sinzcosz — 2sin 2z
dx

d

—y:3sin2x—251n2x
dx

dy

—~ = sin 2x.

e sin 2z

7. (a) By writing sin 36 as sin(260 + ), show that

sin30 = 3sinf — 4sin®6.

Solution

sin 36

= sin 26 cos # + sin 6 cos 260

= (2sin @ cosf) cosf + sin (1 — 2sin®f)
= 2sinf cos*# + sinf — 2sin® 0

= 2sin (1 — sin® ) + sin @ — 2sin® 0

= 2sinf — 2sin® 6 + sinf — 2sin® 4

= 3sinf —4sin®0.

Given that sinf = \/Tg’ find the exact value of sin 36.

Solution

Sin39=3><LE—AI(\/Tg)igzﬁg_Mg

5

4 4 16 16

N

Y= V3 cosz + sinz.

(a) Express the equation of the curve in the form y = Rsin(z + «), where R and « are

constants, R >0 and 0 < o < 7.



9.

(a) Prove that sec?x — cosec?

Solution

and we have

Rsina = v/3 and Rcosa = 1.

Now,
R=4/(V3)2+12=2
and .
tana281na=\/§=>a=§.
cos o

Rsin(z + a) = Rsinz cosa + Rsinacosx

Find the values of z, 0 < 2 < 27, for which y = 1.

Solution

2sin(z + §) = 1 = sin(z +

Ty _ 1

5) =3

n _5n 13

=T+3="%
—r lz
=1 =7, &

x = tan?x — cot? .

Solution

= tan’ z — cot? 1.

Given that

sec’ x — cosec’ v = (tan’*z — 1) — (cot’x — 1)

y=arccoszr, —1 <z <1, and 0 <y <,

(1) express arcsinz in terms of y.

Solution

Y = arccosT => I = CoSY
= r = sin(§ —y)

o T
= arcsinx = 5 — y.




10.

(ii) Hence evaluate arccosx + arcsinz. Give your answer in terms of x.

Solution

arccos x + arcsinx = y + (% — y)

[Ivo12

(a) Express 3sinz + 2cosz in the form Rsin(z + a), where R > 0 and 0 < o < 7.

Solution

Rsin(x + a) = Rsinzcosa + Rsinacosx
and we have

Rsina = 2 and Rcosa = 3.
Now,

R=+32+22=4+13

and

tana — - — 2 o — 05880026035 (FCD).
COSs «

(b) Hence find the greatest value of (3sinz + 2 cosz)?.

Solution

(v13)* = 169.

(c) Solve, for 0 < z < 27, the equation

3sinx + 2cosx = 1,

giving your answers to 3 decimal places.

Solution

3sinz +2cosxz =1 = +/13sin(z + 0.588002...) =1

= sin(z + 0.588002...) = ¥13

=2+ 0.588002... = 2.860557..., 6.564220...
= =2272555...,5.976217...

— 2 = 2.273, 5.976 (3 dp).

10



11. (a) Prove that
sinf  cost

) = 2cosec 20, 0 # 90n°.
cosf)  sind

Solution

sinf cosf  sin’f + cos?h

cosf)  sind sin @ cos 0
1

sin @ cos 6
2

2sin 0 cos 0

2

sin 26
= 2 cosec 26.

(b) Sketch the graph of y = 2 cosec 26 for 0° < § < 360°.

Solution
4 | | | |
2*\/ - U Ol
o 9% 180 270 360

(c) Solve, for 0° < 6§ < 360°, the equation

sinf@ cos@

?

cosf)  sind

giving your answers to 1 decimal place.

Solution

11



in 6 0
i sy _ 3 = 2cosec20 =3

cosf  sinf
= cosec 20 = %
= sin 260 = %
= 20 =41.810..., 138.189..., 401.810..., 498.189...
=0 =20.905...,69.094...,200.905..., 249.094...

= 6 =20.9, 69.1, 200.9, 249.1 (1 dp).

12. (a) Use the double angle formulae and the identity
cos(A + B) = cos Acos B — sin Asin B

to obtain an expression for cos 3z in terms of powers of cosx only.

Solution

cos 3x = cos(2x + x)
= cos2xcosx —sin2zsinx
= (2cos’x — 1) cosz — (2sinx cos x) sin x

3¢ — cosx — 2sin® x cosx

= 2 cos
=2cos’ s — cosx — 2(1 — cos®>x) cos
=2cos’x —cosx — 2cosx + 2cos’ x

= 4cos®z — 3cosz.

(b) (i) Prove that

1+ si
O SmeQSecm,x#@n—kl)g.

1-+sinx COS T

Solution

12



COS T

1+sinx

cos?z + (1 + sinx)?

1+sinx

COS T

cos?x + 1+ 2sinz + sinx

cosz(1 +sinx)

cosz(l + sinx)

2+ 2sinx
~ cosz(1 + sinz)
 2(1 +sinx)
~ cosz(1 + sinx)
09 52

" cosz

= 2seczx.

(ii) Hence find, for 0 < 2 < 2, all the solutions of

cosx l+sinz 4
1 +sinz cost
Solution
1 + si
cos.x ST _ o s 4
1+sinz cosx
= CcosT = %
Srog
13. A curve C has equation
y =3sin2x +4cos2z, —mt <z <.
The point P(0,4) lies on C.
(a) Find an equation of the normal to the curve C at A.
Solution
d d
—y=6c082x—851n2:c:—y =6
dx dzr|,_,
and so
mr = —%

13



y—4=—3(x—0)=6y—24=—x
=z + 6y —24=0.

(b) Express y in the form Rsin(2z + ), where R > 0 and 0 < a < 7, where R > 0 and
0 < a < 5. Give the value of a to 3 significant figures.

Solution
Rsin(2x + ) = Rsin 2z cos a + R sin « cos 2z

and we have
Rsina = 4 and Rcosa = 3.

Now,

R=+v3+42=5

and )
TR 40— 0.927205218 (FCD) = 0.927 (3 f).

tana =
Ccos o

(c¢) Find the coordinates of the points of intersection of the curve C' with the z-axis.
Give your answers to 2 decimal places.

Solution

3sin2z +4cos2x =0 = 5sin(2x + o) =0

=2r+a=—-m,0, 7 27,
=2r=-mT—qQq, —a, T—qQ, 2T —Q
=1 =3(-m—a), —3o, 3(1 —a), :(27 — a)

=z = —2.03, —0.46, 1.11, 2.68 (2 dp).

14.
f(z) = 5cosz + 12sinx.

Given that f(z) = Rcos(x — ), where R >0 and 0 < a < 7,

(a) find the value of R and find the value of o to 3 decimal places.

Solution

Rcos(z —a) = Rcoszcosa + Rsinxsin

14

(4)

(4)



15.

and we have
Rcosa =5 and Rsina = 12.

Now,
R=+5%+122=13
and )
sina |,
tana = ol 4r> = a = 1.176 005207 (FCD) = 1.176 (3 sf).

(b) Hence solve the equation

Hcosz + 12sinx = 6

for 0 <z < 2m.

Solution

bcosx + 12sinx = 6 = 13 cos(z — ) =6
= cos(z — ) =
=z —a = —1.091067689, 1.091 067 689 (FCD)

= 1z = 0.08493751798, 2.267 072896 (FCD).

(c) (i) Write down the maximum value of 5cosx + 12sin x.

Solution
13.

(ii) Find the smallest positive value of x for which this maximum value occurs.

Solution
cos(r—a)=1=x—a=0=x=1.176005207 (FCD).

(a) Given that sin?6@ + cos® 6 = 1, show that 1 + cot?# = cosec? 6.

Solution

sin# N cos? 1
sin?0  sin?#  sin’#
= 1+ cot?# = cosec? .

sin?@ + cos’0=1=

15



(b) Solve, for 0° < 6 < 180°, the equation (6)
2cot?0 — 9 cosecd = 3,

giving your answers to 1 decimal place.

Solution
2cot?f — 9cosechd = 3

= 2(cosec’ ) — 1) — 9cosec = 3

= 2cosec’) — 3 — 9cosecl = 3

—  2cosec’ —9cosecl —5 =0

= (2cosec + 1)(cosech —5) =0

= cosecl =5 (as cosecf = —% does not have a solution)

= sinf = %

= 0 =11.53695903, 168.463041 (FCD)

= =115, 168.5 (1 dp)

16. (a) (i) By writing 360 = 26 + 6, show that (4)
sin 30 = 3sin — 4sin® 4.
Solution
sin 30 = sin(26 + 0)
= sin 26 cos # + sin 6 cos 20
= (2sinf cosf) cosf + sin (1 — 2sin’ 0)
= 2sinf cos?f + sinf — 2sin® 4
= 2sin (1 — sin® ) + sinf — 2sin’ 0
= 2sinf — 2sin®6 + sinf — 2sin 6
= 3sinf — 4sin’ 0.
(ii) Hence, or otherwise, for 0 < 6 < %, solve (5)

8sin®f — 6sinf + 1 = 0.

Give your answers in terms of 7.

16



17.

Solution

8sin®f —6sinf+1=0= 6sinh —8sin®h =1

= 3sinf — 4sin® 4 = }

:>sin39=%
— T 57
=30 =5, %
_ T 57
=0=1{ 5

(b) Using sin(f — «) = sinf cos & — cos 0 sin v, or otherwise, show that

sin15° = 1(v/6 — v/2).

Solution

sin 15° = sin(45 — 30)°
= sin 45° cos 30° — cos 45° sin 30°
2 3 2
_ VB 3
4

4

= 1(V6 - v2).

(a) Express 3cosf + 4sinf in the form Rcos(f — «), where R > 0 and 0° < o < 90°.

Solution
Rcos( —a) = Rcosfcosa + Rsinfsin «

and we have
Rcosa = 3 and Rsina = 4.

Now,
R=+v3+42=5
and )
tana — ——+ — 4 — o = 5313010235 (FCD).
COSs ¢«

(b) Hence find the maximum value of 3 cos# + 4sin 6 and the smallest positive value of

@ for which this maximum occurs.

17

(4)

(3)



Solution
The maximum value is 5 and this is achieved when

cos(f —a)=1=0=a=>53.13010235 (FCD).

The temperature, f(t), of a warehouse is modelled using the equation
f(t) = 10 + 3 cos(15t)° + 4sin(15t)°,

where t is the time in hours from midday and 0 < t < 24.

(c) Calculate the minimum temperature of the warehouse as given by this model.

Solution
The minimum temperature is 10 — 5 = 5°.

(d) Find the value of ¢ when this minimum temperature occurs.

Solution

cos(15t — ) = —1 = 15t — o = 180
— 15¢ = 233.1301024 (FCD)
— t = 15.54200682 (FCD).

18. (a) Use the identity sin? @ + cos?# = 1 to prove that tan? 6 = sec?d — 1.

Solution

sin®  cos’6 1
cos?2f  cos?h  cos?d
= tan®6 = sec’ 6 — 1.

sin?f + cos’0=1=

(b) Solve, for 0° < 6 < 360°, the equation

2tan® @ + 4secl + sec’ 6 = 2.

18



Solution

2tan? 0 + 4secd +sec? § = 2 = 2(sec? — 1) + 4secl + sec’§ = 2
= 2sec’ ) — 2 + dsec +sec’ —2 =10
= 3sec’f + 4secl —4 =0
= (3secf — 2)(secf +2) =0
= sec = —2 (only)

1

= costl = —3

= 0 = 120, 240.

19. (a) Use the identity cos(A + B) = cos A cos B — sin Asin B to show that

cos2A =1 — 2sin® A.

Solution

cos2A = cos(A + A)
= cos’ A —sin? A
= (1 —sin®? A) —sin® A
=1-2sin’ A

The curves C and C5 have equations

Cy:y=3sin2z and Cy : y = 4sin®x — 2 cos 2.

(b) Show that the z-coordinates of the points where C} and Cy intersect satisfy the
equation
4cos2x + 3sin2x = 2.

Solution

19



3sin 2z = 4sin? 2 — 2cos 2x = 3sin 2z = 2(2sin*z) — 2 cos 2
= 2cos2z + 3sin2z = 2(1 — cos 2x)
= 2cos2x + 3sin2x = 2

= 4cos2z + 3sin 2z = 2.

(c) Express 4cos2x + 3sin2x = 2 in the form Rcos(2z — «), where R > 0 and 0° <
a < 90°, giving the value of a to 2 decimal places.

Solution
Rcos(2z — a) = Rcos 2z cos o + Rsin 2z sin «

and we have
Rcosa =4 and Rsina = 3.

Now,
R=+v4*432=5
and )
sina 4
tan o = =7 = a = 36.86989765 (FCD) = 36.87 (2 dp).
CoS & —_—

(d) Hence find, for 0° < z < 180°, all the solutions of
4 cos2x + 3sin 2z = 2,

giving your answers to 1 decimal place.

Solution

4cos2x + 3sin2x = 2 = 5cos(2z — o) = 2
= cos(2z —a) = 2

= 2r —a =66.421...,293.578...

= 2z = 103.291..., 330.448 . ..

= x =51.645...,165.224 . ..

— z =51.6, 165.2 (1 dp).

20. (a) Write down sin 2z in terms of sinx and cos z.

20

(3)



21.

Solution

Sin 2x = 2sin Z cos x.

(b) Find, for 0 < 2 < 7, all the solutions of the equation

cosecx — 8cosz = 0,

giving your answers to 2 decimal places.

Solution

cosecxr — 8cosx =0 =

= 8cosx

sinx
= 8sinzcosx =1
= 4sin2x =1
= sin 2z = }1
= 2z = 0.252680255 1, 2.888 912398 (FCD)
= 1z = 0.126 340 1276, 1.444 456 199 (FCD)

=z =0.13, 1.44 (2 dp).

(a) Express 5cosz — 3sinx in the form Rcos(f + ), where R >0 and 0 < a < 7.

Solution

and we have

Now,

and

Rcos(x + a) = Rcosx cos v — Rsinzsin

Rcosa =5 and Rsina = 3.

R=+/52+32=14/34

Sl (v 3

tan o = =< = a=0.5404193503 (FCD).

5

COs

(b) Hence, or otherwise, solve the equation

H5coszx — 3sinx =4

for 0 < x < 27, giving your answers to 2 decimal places.

21



Solution

5cosx —3sinz = 4 = /34 cos(z 4+ o) = 4
= cos(r + o) = %737‘
=z +a=0.8148269164, 5.468 358 91 (FCD)
= ¢ = 0.274407416 1, 4.927 938891 (FCD)
=z =0.27, 4.93 (2 dp).

22. Solve
cosec? 2 — cot 2 = 1

for 0° <z < 180°.

Solution

cosec? 2z — cot 2 = 1 = (cot? 2z + 1) — cot 2z = 1
= cot?2r — cot 27 = 0
= cot2z(cot22 —1) =0

= cot2x =0 or cot2x = 1.
cot 22 = 0:

cot 22z = 0 = tan 2z = oo
= 2x = 90, 270
= x = 45, 135.

cot 2z = 1:

cot2z =1=tan2xz =1
= 2x = 45, 225
= x = 22.5, 112.5.

23. (a) Show that
sin 20

————— =tané.
1 + cos 260 an

22



24.

Solution

sin20 2sin § cos 6
1+cos20 1+ (2cos?6—1)
2sin 0 cos 0

2cos20
sin 6

cos 6
= tand.

(b) Hence find, for —180° < # < 180°, all the solutions of

2sin20
1+cos20
Give your answers to 1 decimal place.

Solution

2 sin 260

— =1=2tanf =1
1 + cos 260

:>tan9=%

— 0§ = —153.434 9488, 26.565051 118 (FCD)
— § = —153.4, 26.6 (1 dp).

(a) Express 2sin — 1.5cos6 in the form Rsin(6 — «), where R > 0 and 0 < a <
Give the value of a to 4 decimal places.

™

5"

Solution

Rsin(f — a) = Rsinf cosa — Rsin o cos

and we have
Rsina = 1.5 and Rcosa = 2.

Now,
R=+v152422=25
and
sina 4
tan o = =5 = a=0.6435011088 (FCD) = 0.6435 (4 dp).
cos & —_—

23

(3)



(b) Find the maximum value of 2sin§ — 1.5 cos # and find the value of 0, for 0 < z < 7, (3)
at which this maximum occurs.

Solution

The maximum is 2.5 and this is at

sin(f —a)=1=60-a=7%

— 0 = 2.214297436 (FCD).

Tom models the height of sea water, H metres, on a particular day by the equation

4mt 4mt
= 2sin | — | — L. — < 12
H =56+ sm<25) 5COS<25>,0 t <12,

where ¢ hours is the number of hours after midday.

(c) Calculate the maximum value of H predicted by this model and the value of ¢, to (3)
2 decimal places, when this maximum occurs.

Solution

The maximum is 6 + 2.5 = 8.5 metres and this is at

. 47t 1:>47Tt .
in| — — = ——a=7
Sy T @ 25 2

Art
N % — 2.214297436 (FCD)

— ¢ = 4.405204 779 (FCD)
=t =4.41 (2 dp).

(d) Calculate, to the nearest minute, the times when the height of sea water is predicted, (6)
by this model, to be 7 metres.

Solution

24



25.

(a) Express 7cosx — 24sinzx in the form Rcos(z + «), where R > 0 and 0 < o <

(c)

dnt

= % — o= 0411516846 1, 2.730 075 808 (FCD)
drt

. 2—”5 — 1055017955, 3.373576 916 (FCD)

= t=2098801532, 6.711518027 (FCD)
time = 14 : 06, 18 : 43.

U

Give the value of o to 3 decimal places.

™

9"

Solution

Rcos(z + a) = Rcoszcosa — Rsinzsin

and we have
Rcosa =7 and Rsina = 24.

Now,
R=vT*+242=25
and
sina o,
tana = =% = a = 1287002218 (FCD) = 1.287 (3 dp).
COS & —_—

Hence write down the minimum value of 7 cosz — 24 sin z.

Solution
2.

Solve, for 0 < z < 27, the equation

Tcosr — 24sinz = 10,

25

(3)



giving your answers to 2 decimal place

Solution

Tcosz —24sinz = 10 = 25 cos(x + ) = 10

= cos(z + o) = 2
= r + « = 5.123905 826, 7.442464 788 (FCD)
=z = 3.836 903 609, 6.1552462 57 (FCD)

= 1z = 3.84, 6.16 (2 dp).

26. Find all the solutions of
2cos20 =1—2sin6

in the interval 0° < 0 < 360°.

Solution

2c0s20 =1 —2sinf = 2(1 — 2sin*f) = 1 — 2sind
= 2 —4sin?f = 1 —2sinf
= 4sin?0 — 2sinf — 1 =0
24120 1+4/5

8 4
— 0 = 54, 126, 198, 342.

= sinf =

27. (a) Prove that
1 cos 20

sin20  sin20

=tan6, 0 # 90n°, n € Z.

Solution
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1 cos20 1 —cos20
sin20  sin20  sin20
1—(1—2sin®6)
2sin f cos 6
2sin% 6
2sin 6 cos 6
sin 6

cos
= tand.

(b) Hence, or otherwise,
(i) show that tan 15°

=2—4/3,

Solution

vfS

1 —cos30° 1-—

tan 15° =
an sin 30°

1
2

&

(ii) solve, for 0° < x < 360°,

cosec4xr — cotdx = 1.

Solution

s cos4x

cosecdr —cotdxr =1 = =

sindr  sindr
= tan2z =1
= 2z = 45, 225, 405, 585

= = 22.5, 112.5, 202.5, 292.5.

28. (a) Express 2cos 3z — 3sin 3z in the form Rcos(3x + a), where R > 0 and 0 < o < 7.

Give your answers to to 3 significant figures.

Solution

and we have

Rcos(3z + a) = Rcos 3z cos v — Rsin 3z sin «

Rcosa =2 and Rsina = 3.

27
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Now,

R=+/22+32=+/13 = 3.61 (3 sf)

and

tana — —— — % o — 0.9827937232 (FCD) = 0.983 (3 f).
COS ¥ —

f(x) = e** cos 3.

(b) Show that f'(z) can be written in the form

f'(x) = Re* cos(3z + a),

where R and « are the constants found in part (a).

Solution

f(x) = e** cos 3z = f'(z) = 2> cos 3z — 3e** sin 3
= f'(z) = e**(2cos 3z — 3sin 37)

= f'(z) = Re* cos(3r + ).

(c) Hence, or otherwise, find the smallest positive value of z which the curve with

equation y = f(x) has a turning point.

Solution

Re* cos(3x +a) = 0= cos(3z + a) =0
=3r+a=7
= 3x = 0.5880026035 (FCD)

— 2 = 0.196 0008678 (FCD).

29. Solve, for 0° < 6 < 180°,

2 cot? 30 = 7cosec 36 — 5.

Give your answers in degrees to 1 decimal place.
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Solution

2 cot? 30 = 7 cosec 30 — 5 = 2(cosec® 30 — 1) = 7 cosec 30 — 5
= 2cosec? 30 — 2 = Tcosec 30 — 5
= 2cosec?30 — 2 — Tcosec30 +3 =0
= (2cosec36 — 1)(cosec30 —3) =0
= cosec 30 = 3 (only)
= sin30 = 3
=30 =19.471...,160.528 ..., 379.471..., 520.528. ..
=0 =6.490...,53.509...126.490..., 173.509. ..

=0 = 6.5, 53.5, 126.5, 173.5.

30. (a) Starting from the formulae for sin(A + B) and cos(A + B), prove that

tan A + tan B
A+ B)= )
tan(A + B) 1 —tan Atan B
Solution
sin(A + B)
tan(A+ B) = ————~
an(4 + B) cos(A + B)

sin A cos B + sin B cos A

cos Acos B —sin Asin B
sin A cos B sin B cos A
cos Acos B cos A cos B
cosAcosB _ sinAsinB
cos Acos B cos A cos B

sin A sin B

cos A cos B
1— sin Asin B

cos Acos B

tan A + tan B
1—tan Atan B~

(b) Deduce that
1++/3tané

V3 —tanf

tan (9 + %)
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31.

Solution

tom (9 N %) tan @ + tan

1 —tan@tan%

tan @ + \/Tg

a 1—‘?’58&10
a 1+ +/3tané
V3 —tanf

(c) Hence, or otherwise, solve, for 0 < x < ,

14+ +/3tand = (v/3 — tan @) tan(w — ).

Give your answers as multiples of .

Solution

1+ +/3tanf = (v/3 — tan6) tan(r — 6)
1++/3tané
—— =t —0
V3 —tand an(m )
= tan (6 + %) = tan(r — 6).

tan (0 + %) = tan(m — 6):

tan (6 + %) =tan(r —0) =0+ Z =7 — 0

tan (0 + F) = tan(2r — 0):

tan (0 + Z) = tan(2r — 0) = 6 + =
= 20 = BT

=0 =1

(a) Express 4 cosec? 20 — cosec? @ in terms of sin @ and cos 6.
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Solution

4 1
4 cosec? 20 — cosec? ) = —
sin?260  sin?6
_ 4 1
~ (2sinfcosf)?  sin®6
4 1

4sin’0cos?f  sin’6

(b) Hence show that
4 cosec? 20 — cosec? O = sec? f.

Solution

4 1
4sin?fcos2f sin?f
1 1
sin?@cos2f  sin20
1 —cos?0
sin? # cos?
sin” 0

4 cosec? 20 — cosec? ) =

sin 6 cos? 0
1

cos? 6

sec? f.

(c) Hence or otherwise solve, for 0 < 0 <,
4 cosec? 20 — cosec? § = 4,

giving your answers in terms of 7.

Solution

4 cosec? 20 — cosec? 0 = 4 = sec’ = 4

=

= cos’f =

jcosezéor cosf = —

N [—=
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cosf = 1.

N[

cosf = —=:

32.

f(z) = 7cos2x — 24 sin 2x.
Given that f(z) = Rcos(2z + «), where R > 0 and 0° < a < 90°,
(a) find the value of R and find the value of a.

Solution

Rcos(2x + a) = Rcos2x cosa — Rsin 2z sin a
and we have

Rcosa =7 and Rsina = 24.
Now,

R=~7+242=2

and

sin «v
tana = =2

= = a=73.73979529 (FCD).
cos «

(b) Hence solve the equation

7cos2x — 24sin 2x = 12.5,

for 0° < x < 180°, giving your answers to 1 decimal place.

Solution

Tcos2x — 24sin2z = 12.5 = 25cos(2x + o) = 12.5
= cos(2z +a) = 1

= 2z + a = 300, 420

= 2z = 226.260204 7, 346.260204 7 (FCD)

— 2 = 113.13021024, 173.130 1044 (FCD)
— 2 =113.1, 173.1 (1 dp).




(c) Express 14 cos® z — 48sinx cosx in the form a cos 2z + bsin 2z + ¢, where a, b, and
c are constants to be found.

Solution

14 cos®  — 48sinx cos v = 7(2 cos® ¥) — 24 sin 2
= 7(cos2z + 1) — 24 sin 2z
=T7cos2x —24sin2x + 7.

(d) Hence, using your answers to parts (a) and (c), deduce the maximum value of

14 cos® x — 48 sin x cos x.

Solution
14 cos® r — 48sinx cosz = 7cos2x — 24sin 2z + 7 = 25cos(2x + ) + 7;

hence, 25 + 7 = 32.

33. (a) Express 6cos +8sinf in the form R cos( — ), where R > 0 and 0 < a < 5. Give
the value of o to 3 decimal places.

Solution
Rcos(0 —a) = Rcosf cosa + Rsinfsin «

and we have
Rcosa =6 and Rsina = 8.

Now,
R=+v62+82=10
and ]
sina
tana = =3 = a= 0927295218 (FCD) = 0.927 (3 dp).
cos av [ES——
(b) )
0) — <0 <27
p(f) 12 + 6cosf + 8sinh’ T
Calculate

(i) the maximum value of p(#),
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Solution

p(0)

4

. 4 .
has a maximum of 5= = 2.

T 12+ 10 cos(f — )

(ii) the value of 6 at which the maximum occurs.

Solution

0 —a=r=0=4.068887872 (FCD).

34. (a) Without using a calculator, find the exact value of

(sin 22.5° + cos 22.5°)2.

Solution

=1+ sin45°
— 24V2

- 2

(sin 22.5° 4 c0s 22.5°)% = sin® 22.5° + 25in 22.5° cos 22.5° + cos? 22.5°

(b) (i) Show that cos26 + sinf = 1 may be written in the form

ksin?6 — sinf = 0,

stating the value of k.

Solution

cos20 +sinf = 1 = (1 — 2sin?#) + sin

= 2sin?# — sinf = 0.

(ii) Hence solve, for 0° < 0 < 360°, the equation

cos 20 4+ sinf = 1.

34



Solution

cos26 +sinf =1 = 2sin?60 —sinf = 0
= sinf(2sinf — 1) =0

=sinf =0 or sinf = %

sinf = 0:
sinf =0 =6 =0, 180.

sinf =1

N

sinf = % = 6 = 30, 150.

35. Given that
2 cos(z + 50)° = sin(z + 40)°,

(a) show, without a calculator, that

tanz° = %tanlloo.

Solution
2 cos(x + 50)° = sin(x + 40)°
= 2(cosx”cosb0° — sinz” sin 50°) = sin x° cos 40° + sin 40° cos z°
= 2cosz’sin40° — 2sin z° cos 40° = sin z° cos 40° + sin 40° cos z°
= cosz°sin40° = 3sin 2° cos 40°
sin x° sin 40°
= =
cos x° 3 cos 40°
= tanz° = % tan 40°.

(b) Hence solve, for 0 < 6 < 360,
2 cos(260 + 50)° = sin(26 + 40)°,

giving your answers to 1 decimal place.
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Solution

2 cos(260 + 50)° = sin(260 + 40)°
=  tan20° = i tan40°
= 20 =15.626...,195.626..., 375.626..., 555.626. ..
= 0=738,97.8,197.8, 277.8 (1 dp).

36. Kate crosses a road, of constant width 7 m, in order to take a photograph of a marathon
runner, John, approaching at 3 ms™!. Kate is 24 m ahead of John when she starts to
cross the road from the fixed point A. John passes her as she reaches the other side of
the road at a variable point B, as shown in Figure 1.

B

-]

24 m

Figure 1: the road

Kate’s speed is V ms™! and she moves in a straight line, which makes an angle 6,
0° < 6 < 150°, with the edge of the road. You may assume that V is given by the
formula 91

V —
24sin6 + Tcos b’
(a) Express 24sin6 + 7 cosf in the form Rcos(6 — a), where R > 0 and 0° < o < 90°,
giving the value of o to 2 decimal places.

0° < 6 < 150°.

Solution
Rcos(f — a) = Rcosfcosa + Rsinfsina

and we have
Rcosa =7 and Rsina = 24.

Now,

R=~7 1242 =2




and

tana — ——— — 2 o — 73.73979529 (FCD) = 73.74 (2 dp).
COS —

Given that 6 varies,

(b) find the minimum value of V.

Solution

The maximum value of the denominator is 25 which gives V' = g—é ms L.

Given that Kate’s speed has the value found in part (b),
(c) find the distance AB.

Solution

7
sin o

= 74 or 7.2916 m (FCD).

AB =

Given instead that Kate’s speed is 1.68 ms™*,
(d) find the two possible values of the angle 6, given that 0° < 6 < 150°.

Solution

21
25 cos(f — ) = AT A 25cos(f — a) = 12.5

= cos(f —a) = 3
=0 —a=-60, 60
= 0 = 13.73979529, 133.739 79529 (FCD).

f(z) = Tcosx + sinx.

Given that f(z) = Rcos(z — a), where R > 0 and 0° < a < 90°,
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(a) find the value of R and find the value of o to one decimal place.

Solution
Rcos(z — @) = Rcosz cosa + Rsinz sin «

and we have
Rcosa=7and Rsina = 1.

Now,
R=+V7+12=5/2
and ]
sima
tana = = - = a=28.130102354 (FCD) = 8.1 (1 dp).
cosae 7 il

(b) Hence solve the equation
7Tcosz +sinx = 5

for 0° < x < 360°, giving your answers to one decimal place.

Solution

Tcosz +sinx =5 = 5v2cos(z —a) =5
1
= cos(x — ) = 7
=1 — o =45, 315
=z = 53.130102 35, 323.130 1024 (FCD)

— z =53.1, 323.1 (1 dp).

(c) State the values of k for which the equation
7Tcosz +sinx = k

has only one solution in the interval 0° < x < 360°.

Solution

There is one solution only if
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38.

39.

(a) Use an appropriate double angle formula to show that

cosec 2x = )\ cosec X SecC T,

and state the value of the constant \.

Solution

1

sin 2z
1
2sinx cosx
= % cosec T sec T.

cosec2x =

(b) Solve, for 0 < 6 < 27, the equation

3sec?f + 3sech = 2tan? 6.

Give your answers in terms of 7.

Solution

D=

cosf = —=:

cosf = —1:

3sec’ § + 3sec = 2tan” 0 = 3sec? 0 + 3secd = 2(sec?§ — 1)

= 3sec’0 + 3sech = 2sec’h — 2
= sec’f +3sech+2=0
= (secf + 2)(secf + 1) =0

= secl = —2 or secl = —1
:cosﬁz—% or cosf = —1.
P — 2 Arm
costl = —5 = 0=, 3
cosfl =—-1=0=m.

(a) Show that

cosec 2x + cot 2x = cotx, x # 90°, n € Z.
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40.

Solution

1 Ccos 2x

cosec 2z + cot 2z = — -
sin2x  sin2x

1 —cos2z

sin 2z
1—(2cos’z —1)

2sinx cosx

2cos’x

2sinx cosx
2cos? x

2sinx cosx

(b) Hence, or otherwise, solve, for 0° < 6 < 180°,

cosec(46 + 10)° + cot(46 + 10)° = /3.

You must show your working.

Solution

cosec(46 + 10)° + cot(46 + 10)° = /3
cot(20 +5)° = /3

tan(20 + 5)° = \/Lg
20 +5 = 30, 210
20 = 25, 205

0 =12.5, 102.5.

bbbl

(a) Express 2sinf — 4cos@ in the form Rsin(d — «), where R and « are constants,

R>0and 0 < a < 7. Give the value of a to 3 decimal places.

Solution
Rsin(f — o) = Rsinf cosa — Rsin o cos 6

and we have
Rsina = 4 and Rcosa = 2.
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Now,

R=+v42>+22 =25
and )
sin «
tan o = =2=a=1.107148718 (FCD) = 1.107 (3 dp).
cos & —_—

H() = 4 + 5(2sin 30 — 4 cos 30)%.
Find
(b) (i) the maximum value of H(0),

Solution
Maximum value = 4 + 5 x (24/5)? = 104.

(ii) the smallest value of 6, for 0 < 6 < m, at which this maximum value occurs.

Solution

0 —a=7%=30=2677945045 (FCD)

2

— 0 = 0.892648 3482 (FCD).

(¢) (i) the minimum value of H(6),

Solution
Minimum value =4 —5 x 0 = 4.

(ii) the largest value of 0, for 0 < § < w, at which this minimum value occurs.

Solution
We cannot have § — a = 0 (why?) and so we need 0 — o = 2m:

0 —a = 27 = 30 = 7.390 334025 (FCD)
— 0 = 2.463444 675 (FCD).

41. (a) (i) Show that
2tanx — cotx = Scosecx
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may be rewritten in the form
acos’z 4+ bcosx + ¢ =0,

stating the values of the constants a, b, and c.

Solution

2sinx  cosx 5
2tanx — cotx = Scosecxr = — — = —
Ccos T sin x sin x

= 2sin’x — cos’ x = Hcosx

= 2(1 — cos®z) — cos’ T = Hcosx
= 2 —2cos’x — cos’z = Hcosx

= 3cos’x + 5Hcosx —2 = 0.

(ii) Hence solve, for 0 < x < 27, the equation (4)
2tanx — cot x = 5 cosecz,

giving your answers to 3 significant figures.

Solution

2tanz — cotx = Heosecr = 3cos’x + Heosx — 2 =0

= (3cosz —1)(cosz +2) =0

= cosz = 1 (only)

— = 1.230959417, 5.05222589 (FCD)
— z =123, 5.05 (3 sf).

(b) Show that (4)
tan @ + cot @ = Acosec 20, 0 # =7, n € Z,

stating the value of the constant .

Solution
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sinf  cos®
tanf + cotf =

cos@ sinf
sin 6 + cos? 6
sin d cos 6
1

sin @ cos 0

2

2sinf cosd
2

sin 20
= 2 cosec 20.

42. Figure 2 shows the curve C' with equation y = 6 cosz + 2.5sinx for 0 < x < 27.

Y

Figure 2: y = 6cosx + 2.5sinx

(a) Express 6 cosz + 2.5sinx in the form Rcos(x — «), where R and « are constants, (3)
R>0and 0 < a < 7. Give the value of a to 3 decimal places.

Solution
Rcos(x + a) = Rcosx cos v — Rsinx sin «

and we have
Rsina = 2.5 and Rcosa = 6.

Now,
R = +/62% + 2.52 = 6.5
and
sin «v 5
tana = =g =a= 0.3947911197 (FCD) = 0.395 (3 dp).
CcoS —_—r
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(b) Find the coordinates of the points on the graph where the curve C' crosses the
coordinate axes.

Solution
(0,6), (1.965587446,0) (FCD), and (5.1071801,0) (FCD).

A student records the number of hours of daylight each Sunday throughout the year.
She starts on the lasts Sunday in May, with a recording of 18 hours, and continues until
her final recording 52 weeks later. She models her results with the continuous function
given by

27t 27t
H=12 —_— 2.5s8in | — <t <52
+6cos(52)+ 5sm(52),0 t <952,

where H is the number of hours of daylight and ¢ is the number of weeks since her first
recording. Use this function to find

(¢) the maximum and minimum values of H predicted by the model,

Solution
Hyx =12+65=185and Hy;, = 12—-6.5=5.5

(d) the values for t when H = 16, giving your answers to the nearest whole number.

2t 27t
12 —_—— 2.5si —_—— =1
+ 6 cos ( ) a) + 2.58in ( 5 a) 6

27t
12 . —_—— =1
= +65cos<52 a> 6

27t
= 06.5cos i—a =4
52

2wt 8
=  COS 5—2 —Qa) = 13

Solution

2t

— —a=0907....5.375...
= Tl A ’

27t

— = 1.302....5.770. ..
= B ’

= +=10.781..., 47.753...

t = 11, 48 (nearest whole number).

U
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tan° = p, where p is a constant, p # +1,

43. Given that
use standard trigonometric identities, to find in terms of p,
(a) tan26°, (2)
Solution
tan2g" = om0 _ 2
1—tan®f 1 —p?
(b) cosf°, (2)
Solution
o L1 Lo
cos§° = =+ =+
sec V1 + tan? 6 V1+p?
(c) cot(6 —45)°. (2)
Solution

1 1+ tanf°tan45° 1+p

t 0 - 45 ° = = = .

cot( ) tan(f —45)°  tan@° —tan4b°  p—1

44.
g(0) = 4cos26 + 2sin 26.
Given that g(f) = Rcos(20 — a), where R > 0 and 0° < a < 90°,
(a) find the exact value of R and find the exact value of a to 2 decimal places. (3)
Solution
Rcos(20 — o) = R cos 20 cos o + R sin 26 sin «
and we have
Rsina =2 and Rcosa = 4.

Now,
R=+42+22 =25

S111 v Y

12

tana =
CcoS o

and
= a = 26.565 051 18 (FCD) = 26.57 (2 dp).
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(b) Hence solve, for —90° < 6 < 90°,
4cos260 + 2sin26 = 1,

giving your answers to one decimal place.

Solution

4cos20 +2sin20 =1 = 2\/5008(20 —a)=1

= cos(20 —a) = \1/—05
= 20 = —50.513 ..., 103.644 . ..
=0 =—25256...,51.822...
— 0 =-25.3,51.8 (1 dp).

=20 —a=—77.079...,77.079. ..

Given that k is a constant and the equation g(¢) = k has no solutions,

(c) state the possible values of k.

Solution
k| > 2v/5.

45. (a) Prove that

A+sin A
sec2A + tan2A4 = m’ A+ (27L11)7r,
cos A —sin A

n € 7.

Solution

1 sin 24

cos 2A i cos 2A
1+ sin2A

cos2A
sin? A + cos? A + 2sin Acos A
cos2 A —sin® A
B (sin A + cos A)?
" (cos A —sin A)(cos A + sin A)
_cosA+sinA
" cosA—sinA’

sec2A + tan2A =
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(b) Hence solve, for 0 < A < 27, (4)

sec2A + tan 2A = %
Give your answers to 3 decimal places.
Solution
cos A +sin A
sec2A+tan24 =1 — " _ 1
2 cosA—sinA 2

= cos A+ sin A = 1(cos A —sin A)
= cos A+sinA=1cosA—isinA
= 3sinA=—1cosA

= tan A = —1

3
= A = 2.819842099, 5.961 434753 (FCD)

— A =2.3820, 5.961 (3 dp).

46. (a) Express 2cosf —sinf in the form Rcos(6+ «), where R and « are constants, R > 0 (3)
and 0° < a < 90°. Give the exact value for R and give the exact value for a to 2
decimal places.

Solution
Rcos(0 + a) = Rcosf cosa — Rsinfsin «

and we have
Rsina =1 and Rcosa = 2.

Now,
R=v22+12=45
and )
sina
tan o = =5 = a = 26.56505118 (FCD) = 26.57 (2 dp).
cos —_—
(b) Hence solve, for 0° < 6 < 360°, (5)
2
15.

2cosf —sinf — 1 -

Give your answers to one decimal place.
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47.

Solution

2 15 2cosf —sinf — 1 L
= = = =
2cosf —sinf — 1 2 15

= 2c080 —sinf —1 = %

= 2c0sf —sinf = %

= V5cos(f + a) = 1L
= cos(f + a) = %5

= 6 + a = 59.546 290 08, 300.453 7099 (FCD)
= 0 = 32.9812389, 273.888658 7 (FCD)

— 6 = 33.0, 273.9 (1 dp).

(c) Use your solutions to parts (a) and (b) to deduce the smallest positive value of 6

for which

2
= 15.
2cosf +sinf — 1
Give your answer to one decimal place.
Solution
This is
2
15

Vheos( — a) — 1 -

so do ‘0 — o’ instead of ‘6 + o’:

0 — a = 59.546 290 08 (FCD) = 6 = 86.111 34126 (FCD)
— 0 =86.1 (1 dp).

(a) Prove that

2cot 2z +tanx = cotw, x # T, n € Z.

Solution
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48.

+ tanx

2cot2x + tanzx =

tan 2x
~ 1—tan*z  tan’z
~ tanz tanx
1
~ tanzx
=cotx.

(b) Hence, or otherwise, solve, for —m < x <,

6 cot 2 + 3tan z = cosec’ x — 2.

Give your answers to 3 decimal places.

Solution

6 cot 2z + 3tanz = cosec’z — 2 = 3cotx = (1 + cot? z) — 2
= cot’z — 3cotx —1 =0
3+4/13
2
—3 413

2

= cotx =

= tanx =

tanx = _3*‘2‘/ﬁ:
-3+ 13
tanz = % — & = —2.847591 352, 0.294001 3018 (FCD)
= r = —2.848, 0.294 (3 dp).
-3 —4/13
tanyr = ——— = x = 1.276 795025, 1.864 797 629 (FCD)

=z = —1.277, 1.865 (3 dp).

(a) Write 5cosf —2sin6 in the form Rcos(f + «), where R and « are constants, R > 0
and 0 < a < 7. Give the exact value of R and give the value of a in radians to 3

decimal places.
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Solution

and we have

Now,

and

tana =

Rcos(0 + a) = Rcosf cosa — Rsinfsin o

Rsina = 2 and Rcosa = 5.

R =+/52+22 =429

R 2 4 = 03805063771 (FCD) = 0.381 (3 dp).

COS &

(b) Show that the equation

5cot 2x — 3cosec2x = 2

can be rewritten in the form

Hcos2x — 2sin2x = ¢

where c is a positive constant to be determined.

Solution

2
5(30‘5291,’—3cose02x=2=>5(_20S T .3 =2
sin 2x sin 2x

= bcos2x — 3 = 2sin2zx

= Hcos2x — 2sin2x = 3.

(c) Hence or otherwise, solve, for 0 < x <,

5cot 2x — 3 cosec2x = 2,

giving your answers to 2 decimal places.

Solution

20



49.

dcot2x — 3cosec2x = 2 = Hcos2x — 2sin2x = 3
= V29 cos(2x + a) =3
= cos(2z + ) = %9279
= 22 + a = 0.979923 576 6, 5.303 261 731 (FCD)
= r = 0.299708 5998, 2.461 377677 (FCD)
= r = 0.30, 2.46 (2 dp).

(a) Prove that

sin 2x — tanz = tanx cos 2z, x # (2n + 1)90°,n € Z.

Solution

sinx

sin2x —tanx = 2sinx cosz —
Ccos T

2sinxcos® x — sinx

cos T
sinx(2cos®x — 1)

COS &
= tan z cos 2x.

(b) Given that x # 90° and x # 270°, solve, for 0° < = < 360°,
sin2x —tanx = 3tanxsinx.

Give your answers in degrees to one decimal place where appropriate.

Solution

sin2x —tanx = 3tanzsinx = tanx cos2zr = 3tanzsinx
= tanz cos2z — 3tanzsinz = 0
= tanz(cos 2z — 3sinx) = 0
= tanz(1 — 2sin®*z — 3sinz) = 0
= tanx = 0 or 2sin’z 4 3sinz — 1 =0

= tanz =0 or sinx = % VT

o1



tanz = 0=z = 0, 180.

sinx = 3Zﬁ:
sina = =227 — 4 = 16.306 548 52, 163.6934515 (FCD)
= 2 =16.3, 163.7 (1 dp).
sinx = ’B"T‘m: No solutions since

sinz = —1.78 ...
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