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Question 1 

Solve each of the following trigonometric equations. 

a) sec 4θ = ,      0 360θ≤ < °  

b) 3cot 2 1 4x − = ,        0 180x≤ < °  

c) 2cosec2 10y = ,       0 2y π≤ <  

d) 28tan cotϕ ϕ= ,   0 2ϕ π≤ <  

 

75.5 , 284.5θ ≈ ° ° , 15.5 , 105.5x ≈ ° ° , c c c c0.10 , 1.47 , 3.24 , 4.61y ≈ , 

c c0.46 , 3.61ϕ ≈  
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Question 2 

Solve each of the following trigonometric equations. 

a) 2sec 3θ = ,      0 360θ≤ < °  

b) 
1

cot 3
4

x = ,        90 90x− ° ≤ < °  

c) 5 cosec2 1y− = − ,       0 2y π≤ <  

d) 227sin 8cosec 0ϕ ϕ+ = ,   0 2ϕ π≤ <  

 

48.2 , 311.8θ ≈ ° ° , 34.7 , 25.3 , 85.3x ≈ − ° ° ° , c c c c0.0837 , 1.49 , 3.23 , 4.63y ≈ , 

c c3.87 , 5.55ϕ ≈  
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Question 3 

Solve each of the following trigonometric equations. 

a) 3sec 2 7θ = ,      0 180θ≤ < °  

b) ( )2cot 30 3x − ° = ,        0 360x≤ < °  

c) 5 2cosec3 9y− = ,       0 y π≤ <  

d) 227cos secϕ ϕ= ,   0 2ϕ π≤ <  

 

32.3 , 147.7θ ≈ ° ° , 63.7 , 243.7x ≈ ° ° , 
7 11

,
18 18

y
π π

= , c c1.23 , 5.05ϕ ≈  
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Question 4 

Solve each of the following trigonometric equations. 

a) 2sec 1 9θ − = ,      0 360θ≤ < °  

b) ( )2 3cot 20 8x+ − ° = ,        0 360x≤ < °  

c) 14 3cosec 2 5y− = ,       0 y π≤ <  

d) 3 21
4sin cosec 0

8
ϕ ϕ+ = ,   0 2ϕ π≤ <  

 

78.5 , 281.5θ ≈ ° ° , 46.6 , 226.6x ≈ ° ° , c c0.170 , 1.40y ≈ , 
7 11

,
6 6

π π
ϕ =  
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Question 5 

Solve each of the following trigonometric equations. 

a) 22sec 1 2sec sinθ θ θ− = ,      0 180θ≤ < ° ,  90θ ≠ °  

b) cos cot sin 2cot 0x x x x+ + = ,        0 360 , 180x x< < ° ≠ °       

c) ( ) 2cosec sin sec 2y y y− = ,       0 ,
2

y y
π

π≤ < ≠  

d) 2cosec sin 2cos cot 0ϕ ϕ ϕ ϕ− + = ,   0 2 ,ϕ π ϕ π< < ≠  

 

60θ = ° , 120 ,240x = ° ° , 
5

,
6 6

y
π π

= , 
2 4 3

, , ,
2 3 3 2

π π π π
ϕ =  
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Question 6 

Solve each of the following trigonometric equations. 

a) 5sec cos
2

θ θ+ = ,     0 360θ≤ < ° ,  90 ,270θ ≠ ° °  

b) ( )sec cos 8 cosec sinx x x x− = − ,      0 360x≤ < ° ,  90x ≠ °  

c) 2cot 3cosec 2sec cosecy y y y− = ,      0 2y π< < ,  ,
2

k
y k

π
≠ ∈�  

d) ( )( )1 sec 1 cos tanϕ ϕ ϕ+ − = ,       
3

0 2 , ,
2 2

π π
ϕ π ϕ≤ < ≠  

e) 
2 2cosec tan

8 0
cos

ψ ψ

ψ
+ = ,     0 360ψ≤ < ° ,  90 ,270ψ ≠ ° °  

 

60 ,300θ = ° ° , 63.4 ,243.6x = ° ° , 
2 4

,
3 3

y
π π

= , 0,ϕ π= , 120 ,240ψ = ° °  
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Question 7    (hard questions) 

Solve each of the following trigonometric equations. 

a) 2sin 3sec 6 tanθ θ θ+ = + ,    0 2θ π≤ < ,  
3

,
2 2

π π
θ ≠    

b) 2 2sin tan cos cot 2sin cos 2x x x x x x+ + = ,  0 360 , 90 ,180 ,270x x< < ° ≠ ° ° °   

you may use in this part the fact that 2sin cos sin 2x x x≡  

c) ( ) ( )sin 1 tan cos 1 cot 0y y y y+ + + = , 0 360 , 90 ,180 ,270y y< < ° ≠ ° ° °     

d) 
4

cot
2sec 2sin 1

ϕ
ϕ ϕ

=
− +

,    0 2 ,ϕ π ϕ π< < ≠  

e) 
cot cos

2
cosec 1 1 sin

ψ ψ

ψ ψ
− =

− +
,    

3
0 2 , , ,

2 2

π π
ψ π ψ π< < ≠    

f) 
cot cosec 1

4
cosec 1 cot

β β

β β

−
+ =

−
,        0 360 , 90 ,180 ,270x x≤ < ° ≠ ° ° °    

5
,

3 3

π π
ϕ = , 45 ,225x = ° ° , 135 ,315y = ° ° , 

5
,

6 6

π π
ϕ = , 

5
,

4 4

π π
ψ = , 

60 ,300β = ° °  
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Question 8 

Solve each of the following equations. 

a) 22 tan 11sec 7θ θ= − ,      0 360θ≤ < °  

b) 24cot 9cosec 6 0x x− + = ,        0 360x≤ < °  

c) 2sec tan 3y y+ = ,       0 360y≤ < °  

d) 2 22cosec cot 11ϕ ϕ+ = ,   0 360ϕ≤ < °  

 

78.5 , 281.5θ = ° ° , 30 , 150x = ° ° , 45 , 225 116.6 , 296.6y y= ° ° ≈ ° ° , 

30 , 150 , 210 , 330ϕ = ° ° ° °  
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Question 9 

Solve each of the following equations. 

a) 2 22cot cosec cosecθ θ θ− = ,      0 360θ≤ < °  

b) 2 22 tan sec 5secx x x+ = ,        0 360x≤ < °  

c) 2 23 tan 3sec 6secy y y− = + ,       0 360y≤ < °  

d) 2tan 2sec 1ϕ ϕ= − ,   0 360ϕ≤ < °  

 

30 , 150 , 270θ = ° ° ° , 60 , 300x = ° ° , 120 , 240y = ° ° , 60 , 300ϕ = ° °  
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Question 10 

Solve each of the following equations. 

a) 22cot 6 9cosecθ θ+ = ,      0 360θ≤ < °  

b) 25tan 16sec 8 0x x+ + = ,        0 360x≤ < °  

c) 2 2cosec 5cosec 6coty y y+ = ,       0 360y≤ < °  

d) 22 tan 15sec 9ϕ ϕ= − ,   0 360ϕ≤ < °  

 

 

14.5 , 165.5θ ≈ ° ° , 109.5 , 250.5x ≈ ° ° , 19.5 , 160.5 210 , 330y y≈ ° ° = ° ° ,

81.8 , 278.2ϕ ≈ ° °  
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Question 11 

Solve each of the following equations. 

a) 24cot 1 cosecθ θ= + ,      0 360θ≤ < °  

b) 24 tan 19sec 1x x= + ,        0 360x≤ < °  

c) 2 24 cot 8cosec 3cosecy y y− = + ,       0 360y≤ < °  

d) 2sec 2 tanϕ ϕ= ,   0 360ϕ≤ < °  

 

53.1 , 126.9 270θ θ≈ ° ° = ° , 78.5 , 281.5x ≈ ° ° , 203.6 , 336.4y ≈ ° ° , 

45 , 225ϕ = ° °  
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Question 12 

Solve each of the following equations. 

a) 2 22 tan 4 tan 5 secθ θ θ+ + = ,      0 360θ≤ < °  

b) 2 22sec 2 tan 1 4secx x x+ = + ,        0 360x≤ < °  

c) 2 26cot 3cosec 2 6coty y y+ = + ,       0 2y π≤ <  

d) 2 24cosec cot 1 9cosecϕ ϕ ϕ+ = − ,   0 2ϕ π≤ <  

 

116.6 , 296.6θ ≈ ° ° , 48.2 , 311.8x ≈ ° ° , c c1.25 , 4.39y ≈ , 
7 11

,
6 6

π π
ϕ =  
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Question 13 

Solve each of the following equations. 

a) 210sec 11tan 16θ θ= + ,      0 360θ≤ < °  

b) 2cot 7 2cosecx x= − ,        0 360x≤ < °  

c) 
2tan 16

sec 13
sec

y
y

y

+
= − ,       0 360y≤ < °  

d) ( ) ( )2 2
cosec 1 2 cot 1 9 4cotϕ ϕ ϕ+ + − = − ,   0 360ϕ≤ < °  

 

56.3 , 158.2 , 236.3 , 338.2θ ≈ ° ° ° ° , 30 , 150 194.5 , 344.5x x= ° ° ≈ ° ° , 

48.2 , 78.5 , 281.5 , 311.8y ≈ ° ° ° ° , 48.6 , 131.4 210 , 330ϕ ϕ≈ ° ° = ° °  
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Question 14 

Solve each of the following equations. 

a) 23tan 8secθ θ= ,      0 2θ π≤ <  

b) 2cosec 2cot 9x x= + ,        0 2x π≤ <  

c) ( )2 2cosec 7 1 cosec cot 0y y y+ + + = ,       0 2y π≤ <  

d) 
22 3sec

6 tan
tan 1

ϕ
ϕ

ϕ

−
=

−
,   0 2ϕ π≤ <  

 

c c1.23 , 5.05θ ≈ , c c c c0.245 , 2.68 , 3.39 , 5.82x ≈ , c c c c3.67 , 3.87 , 5.55 , 5.76y ≈ , 

c c0.322 , 3.46ϕ ≈  
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Question 15 

Solve each of the following equations. 

a) 25tan 12sec 9 0θ θ− + = ,      0 360θ≤ < °  

b) 24cot 11cosec 1 0x x− + = ,        0 360x≤ < °  

c) 
25 tan

9 sec
sec

y
y

y

+
= − ,       0 2y π≤ <  

d) 
2sec 2 tan 1

tan 2

ϕ ϕ

ϕ

− −
= ,   0 2ϕ π≤ <  

 

 60 , 300θ = ° ° , 19.5 , 160.5x ≈ ° ° , c c1.32 , 4.97y ≈ , 

c c c c0.785 , 2.03 , 3.93 , 5.18ϕ ≈  
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Question 16 

Solve each of the following equations. 

a) 
21 tan

sec
4sec 9

θ
θ

θ

−
=

−
,      0 2θ π≤ <  

b) 
2sec 8

3tan
4 tan

x
x

x

+
=

−
,        0 2x π≤ <  

c) 
21 2cosec

2 cot
2cot

y
y

y

−
− = ,       0 2y π≤ <  

d) 
22cot 5

2cosec 13
cosec

ϕ
ϕ

ϕ

+
+ = ,   0 2ϕ π≤ <  

 

 
5

,
3 3

π π
θ = , c c0.983 , 4.12x ≈ , c c2.03 , 5.18y ≈ , c c0.340 , 2.80ϕ ≈  
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Question 17 

Solve each of the following trigonometric equations. 

a) 
21 tan

sec
4sec 9

θ
θ

θ

−
=

−
,      0 2θ π≤ <  

b) 
2sec 8

3tan
4 tan

x
x

x

+
=

−
,        0 2x π≤ <  

c) 
21 2cosec

2 cot
2cot

y
y

y

−
− = ,       0 2y π≤ <  

d) 
22cot 5

2cosec 13
cosec

ϕ
ϕ

ϕ

+
+ = ,   0 2ϕ π≤ <  

 

5
,

3 3

π π
θ = , c c0.983 , 4.12x = , c c2.03 , 5.18y = , c c0.340 , 2.80ϕ =  
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Question 17 

Solve each of the following trigonometric equations. 

a) ( )cos 30 sinθ θ+ ° = ,      0 360θ≤ < °  

b) ( ) ( )3cos 30 sin 60x x+ ° = − ° ,        0 360x≤ < °  

c) ( ) ( )sin 30 sin 45y y− ° = + ° ,       0 360y≤ < °  

d) ( ) ( )sin 30 cos 45ϕ ϕ+ ° = − ° ,     0 360ϕ≤ < °  

e) ( ) ( )cos 60 cos 45α α− ° = − ° ,     0 360α≤ < °  

 

30 , 210θ = ° ° , 60 , 240x = ° ° , 82.5 , 262.5y = ° ° , 52.5 , 232.5ϕ = ° ° , 

52.5 , 232.5α = ° °  
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Question 18 

Solve each of the following trigonometric equations. 

a) ( )sin 45 sinθ θ− ° = ,      0 360θ≤ < °  

b) ( ) ( )cos 30 sin 30x x− ° = + ° ,        0 360x≤ < °  

c) ( ) ( )cos 30 sin 45y y− ° = + ° ,       0 360y≤ < °  

d) ( ) ( )sin 30 cos 45ϕ ϕ− ° = − ° ,     0 360ϕ≤ < °  

e) ( ) ( )cos 60 cos 60α α− ° = + ° ,     0 360α≤ < °  

 

112.5 , 292.5θ = ° ° , 45 , 225x = ° ° , 37.5 , 217.5y = ° ° , 82.5 , 262.5ϕ = ° ° , 

0 , 180α = ° °  
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Question 19 

Solve each of the following trigonometric equations. 

a) sin sin
4

π
θ θ
 

+ = 
 

,      0 2θ π≤ <  

b) 
2

cos cos
6 3

x x
π π   

+ = +   
   

,        0 2θ π≤ <  

c) 
5

sin cos
3 6

y y
π π   

− = +   
   

,       0 2y π≤ <   (very hard) 

d) 2cos sin 0
2 3

π π
ϕ ϕ
   

+ + + =   
   

,     0 2ϕ π≤ <  

e) 2 cos sin
4 6

π π
α α
   

+ = +   
   

,     0 2α π≤ <  

3 11
,

8 8

π π
θ = , 

7 19
,

12 12
x

π π
= , 

3
,

2 2
y

π π
= , 

7
,

6 6

π π
ϕ = , 

13
,

12 12

π π
α =  
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Question 20 

Solve each of the following trigonometric equations. 

a) ( ) ( )sin 20 sin 60θ θ− ° = + ° ,      0 360θ≤ < °  

b) ( ) ( )cos 35 cos 55x x− ° = − ° ,        0 360x≤ < °  

c) ( ) ( )sin 48 cos 12y y− ° = + ° ,       0 360y≤ < °  

d) ( ) ( )sin 72 cos 38ϕ ϕ+ ° = − ° ,     0 360ϕ≤ < °  

e) ( ) ( )cos 36 cos 72α α− ° = − ° ,     0 360α≤ < °  

 

70 , 250θ = ° ° , 45 , 225x = ° ° , 63 , 243y = ° ° , 28 , 208ϕ = ° ° , 54 , 234α = ° °  
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Question 21 

Solve each of the following trigonometric equations. 

a) sin 2 tanθ θ= ,      0 180θ≤ ≤ °  

b) 2sin 2 cosx x= ,        0 180x≤ < °  

c) sin 2 sin 0y y+ = ,        0 360y≤ < °  

d) 4sin cos 1ϕ ϕ = ,        0 ϕ π≤ <  

 

0 , 45 , 135 , 180θ = ° ° ° ° , 90 , 14.5 , 165.5x x= ° ≈ ° ° , 0 , 120 , 180 , 240y = ° ° ° ° , 

5
,

12 12

π π
ϕ =  
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Question 22 

Solve each of the following trigonometric equations. 

a) 2sin 2 cotθ θ= ,      0 θ π≤ ≤  

b) 3sin 2 2cosx x= ,        0 180x≤ < °  

c) sin 4 sin 2y y= ,        0 180y≤ < °  

d) 1sin sec 0
4

ϕ ϕ+ = ,        0 ϕ π≤ <  

 

5
, ,

6 2 6

π π π
θ = , 90 , 19.5 , 160.5x x= ° ≈ ° ° , 0 , 30 , 90 , 150y = ° ° ° ° , 

7 11
,

12 12

π π
ϕ =  
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Question 23 

Solve each of the following trigonometric equations. 

a) cos sin 2 0θ θ− = ,      0 360θ≤ ≤ °  

b) 
sin cos

4
cos sin

x x

x x
+ = ,        0 360x≤ < °  

c) 2cos 2 tan sin secy y y y= + ,        0 2y π≤ <  

d) 2cos cosec 0ϕ ϕ+ = ,        0 2ϕ π≤ <  

 

30 , 90 , 150 , 270θ = ° ° ° ° , 15 , 75 , 195 , 255x = ° ° ° ° , 
5 7 11

, , ,
6 6 6 6

y
π π π π

= , 

3 7
,

4 4

π π
ϕ =  
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Question 24 

Solve each of the following trigonometric equations. 

a) 2cos 2 1 cosθ θ= + ,      0 360θ≤ < °  

b) cos 2 3sin 2x x+ = ,        0 360x≤ < °  

c) cos 2 sin 0y y+ = ,       0 360y≤ < °  

d) ( )2 1 cos 2 tanϕ ϕ− = ,     0 180ϕ≤ < °  

 

0 , 138.6 , 221.4θ θ= ° ≈ ° ° , 30 , 90 , 150x = ° ° ° , 90 , 210 , 330y = ° ° ° , 

0 , 15 , 75ϕ = ° ° °  
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Question 25 

Solve each of the following trigonometric equations. 

a) cos 2 1 sinθ θ= + ,      0 360θ≤ < °  

b) cos 2 3cos 1x x+ = ,        0 2x π≤ <  

c) 3cos 2 1 siny y= − ,       0 360y≤ < °  

d) 
1

2cos 1 sin
2

ϕ ϕ
 

+ =  
 

,     0 360ϕ≤ < °  

 

0 , 180 , 210 , 330θ = ° ° ° ° , 
5

,
3 3

x
π π

= , 41.8 , 138.2 210 , 330y y≈ ° ° = ° ° , 

97.2 , 262.8ϕ = ° °  
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Question 26 

a) cos 2 7sin 4 0θ θ− − = ,      0 360θ≤ < °  

b) 3cos 2 sin 2x x= + ,        0 360x≤ < °  

c) 3cos 2 7 cosy y= ,       0 360y≤ < °  

d) cos 2 sinϕ ϕ= ,     0 360ϕ≤ < °  

 

210 , 330θ = ° ° , 19.5 , 160.5 210 , 330x x≈ ° ° = ° ° , 109.5 , 250.5y ≈ ° ° , 

30 , 150 , 270ϕ = ° ° °  
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Question 27 

Solve each of the following trigonometric equations. 

a) 3cos 2 5sin 4θ θ− = ,      0 360θ≤ < °  

b) 3cos 2 1 sinx x= − ,        0 360x≤ < °  

c) cos 2 7cos 4 0y y− + = ,       0 360y≤ < °  

d) cos 2 6cos 5 0ϕ ϕ+ + = ,     0 360ϕ≤ < °  

 

210 , 330 199.5 , 340.5θ θ= ° ° ≈ ° ° , 41.8 , 138.2 210 , 330x x≈ ° ° = ° ° , 

60 , 300y = ° ° , 180ϕ = °  
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Question 28 

Solve each of the following trigonometric equations. 

a) cos 2 7cos 3θ θ= + ,      0 360θ≤ < °  

b) 2cos 2 4cos 3x x= − ,        0 360x≤ < °  

c) 6cos 2 5cos 3 0y y+ + = ,       0 360y≤ < °  

d) 5cos2 22sin 9ϕ ϕ+ = ,     0 360ϕ≤ < °  

 

120 , 240θ = ° ° , 60 , 300x = ° ° , 70.5 , 138.6 , 221.4 , 289.5y ≈ ° ° ° ° , 

11.5 , 168.5ϕ ≈ ° °  
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Question 29 

Solve each of the following trigonometric equations. 

a) cos 2 9sin 4 0θ θ+ + = ,      0 360θ≤ < °  

b) 3cos 2 9 14cosx x= − ,        0 360x≤ < °  

c) 2cos 2 7cos 0y y+ = ,       0 360y≤ < °  

d) 2cos 2 1 2sinϕ ϕ= − ,     0 360ϕ≤ < °  

 

210 , 330θ = ° ° , 48.2 , 311.8x ≈ ° ° , 75.5 , 284.5y ≈ ° ° , 54 , 126 , 198 , 342ϕ = ° ° ° °  
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Question 30 

Solve each of the following trigonometric equations. 

a) ( ) 2tan 1 cos 2 2sin 2θ θ θ+ = ,      0 90θ≤ ≤ °  

b) 24 tan 2 3cot sec 0ϕ ϕ ϕ+ = ,     0 2ϕ π≤ <  (hard) 

 

0 ,15 ,75 ,90θ = ° ° ° ° , 
2 4 5

, , ,
3 3 3 3

π π π π
ϕ =  

 

 

 

 

 


