
LESSON 10  SOLVING TRIGONOMETRIC EQUATIONS 

 

 

Equations which are solved in this lesson (Click on the number): 

1. 
2

3
cos      2. 02sin2  

3. 01cot3     4. 24sec3 x  

5. 512
3

sin14     6. 1
3

5tan  

7. 
3

2
)2804(csc    8. 06cos  

9. 02sec 2
     10. 129sin4 2

 

11. 0)2csc(cos     12. xxx sintansin3  

13. 0)1sin()1cos(    14. 01coscos2 2
 

15. 05sin7sin6 2
   16. cos1124cos 2

 

 

 

Additional examples worked in this lesson: 

Example  Find all the approximate solutions (in degrees) between 360  and 

540  for the equation  
4

5
tan . 

Example  Find all the approximate solutions (in degrees) between 270  and 

630  for the equation  072sec3 . 

Example  Find all the approximate solutions (in degrees) between 360  and 

360  for the equation  04)1503(sin9 . 

Example  Find all the exact and approximate solutions to the equation 

011tan6tan 2
. 

 

 

Examples  Find all the exact solutions for the following equations. 

 

1. 
2

3
cos        Back to Equations List 

 



First, determine where the solutions  will occur.  Since 
2

3
 is not the 

minimum negative number for the cosine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since cosine is negative in the II and III quadrants, the solutions 

for this equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
2

3
cos     

2

3
'cos     

62

3
cos' 1

 

 

The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
6

5

6
.  Now, all the other solutions in 

the II quadrant are coterminal to this one solution.  Thus, all the solutions in 

the II quadrant are given by n2
6

5
, where n is an integer. 

 

Thus, some of the solutions in the II quadrant that are obtained by using 

n2
6

5
, where n is an integer, are: 

 

  0n : 
6

5
0

6

5
 

 

  1n : 
6

17

6

12

6

5
2

6

5
 

 

  2n : 
6

29

6

24

6

5
4

6

5
 

 

  3n : 
6

41

6

36

6

5
6

6

5
 

 



  4n : 
6

53

6

48

6

5
8

6

5
 

 

       : 

       : 

       : 
 

  1n : 
6

7

6

12

6

5
2

6

5
 

 

  2n : 
6

19

6

24

6

5
4

6

5
 

 

  3n : 
6

31

6

36

6

5
6

6

5
 

 

  4n : 
6

43

6

48

6

5
8

6

5
 

 

       : 

       : 

       : 
 

 

The solutions in the III quadrant:  The one solution in the III quadrant, that is 

between 0 and 2 , is 
6

7

6
.  Now, all the other solutions in the 

III quadrant are coterminal to this one solution.  Thus, all the solutions in the 

III quadrant are given by n2
6

7
, where n is an integer. 

 

Thus, some of the solutions in the III quadrant that are obtained by using 

n2
6

7
, where n is an integer, are: 

 



  0n : 
6

7
0

6

7
 

 

  1n : 
6

19

6

12

6

7
2

6

7
 

 

  2n : 
6

31

6

24

6

7
4

6

7
 

 

  3n : 
6

43

6

36

6

7
6

6

7
 

 

  4n : 
6

55

6

48

6

7
8

6

7
 

 

       : 

       : 

       : 
 

  1n : 
6

5

6

12

6

7
2

6

7
 

 

  2n : 
6

17

6

24

6

7
4

6

7
 

 

  3n : 
6

29

6

36

6

7
6

6

7
 

 

  4n : 
6

41

6

48

6

7
8

6

7
 

 

       : 

       : 

       : 
 



 

Answers:   n2
6

5
 ;   n2

6

7
, where n is an integer 

 

 

2. 02sin2       Back to Equations List 

 

 

First, do the necessary algebra to isolate sin  on one side of the equation: 

 

  02sin2     2sin2     
2

2
sin  

 

Now, determine where the solutions  will occur.  Since 
2

2
 is not the 

maximum positive number for the sine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since sine is positive in the I and II quadrants, the solutions for 

this equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
2

2
sin     

2

2
'sin     

42

2
sin' 1

 

 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
4

.  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by n2
4

, where n is an integer. 

 

Thus, some of the solutions in the I quadrant that are obtained by using 

n2
4

, where n is an integer, are: 

 



  0n : 
4

0
4

 

 

  1n : 
4

9

4

8

4
2

4
 

 

  2n : 
4

17

4

16

4
4

4
 

 

  3n : 
4

25

4

24

4
6

4
 

 

  4n : 
4

33

4

32

4
8

4
 

 

       : 

       : 

       : 
 

  1n : 
4

7

4

8

4
2

4
 

 

  2n : 
4

15

4

16

4
4

4
 

 

  3n : 
4

23

4

24

4
6

4
 

 

  4n : 
4

31

4

32

4
8

4
 

 

       : 

       : 

       : 
 



 

The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
4

3

4
.  Now, all the other solutions in 

the II quadrant are coterminal to this one solution.  Thus, all the solutions in 

the II quadrant are given by n2
4

3
, where n is an integer. 

 

Thus, some of the solutions in the II quadrant that are obtained by using 

n2
4

3
, where n is an integer, are: 

 

  0n : 
4

3
0

4

3
 

 

  1n : 
4

11

4

8

4

3
2

4

3
 

 

  2n : 
4

19

4

16

4

3
4

4

3
 

 

  3n : 
4

27

4

24

4

3
6

4

3
 

 

  4n : 
4

35

4

32

4

3
8

4

3
 

 

       : 

       : 

       : 
 

  1n : 
4

5

4

8

4

3
2

4

3
 

 

  2n : 
4

13

4

16

4

3
4

4

3
 



 

  3n : 
4

21

4

24

4

3
6

4

3
 

 

  4n : 
4

29

4

32

4

3
8

4

3
 

 

       : 

       : 

       : 
 

 

Answers:   n2
4

 ;   n2
4

3
, where n is an integer 

 

 

3. 01cot3       Back to Equations List 

 

 

First, do the necessary algebra to isolate cot  on one side of the equation: 

 

 01cot3     1cot3     
3

1
cot  

 

Now, take the reciprocal of both sides of this equation to obtain the equation 

3tan . 

 

Now, determine where the solutions  will occur.  Since tangent is negative  

in the II and IV quadrants, the solutions for this equation occur in those 

quadrants. 

 

Find the reference angle '  for the solutions : 

 

 3tan     3'tan     
3

3tan' 1

 

 



The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
3

2

3
.  Now, all the other solutions in 

the II quadrant are coterminal to this one solution.  Thus, all the solutions in 

the II quadrant are given by n2
3

2
, where n is an integer. 

 

Thus, some of the solutions in the II quadrant that are obtained by using 

n2
3

2
, where n is an integer, are: 

 

  0n : 
3

2
0

3

2
 

 

  1n : 
3

8

3

6

3

2
2

3

2
 

 

  2n : 
3

14

3

12

3

2
4

3

2
 

 

  3n : 
3

20

3

18

3

2
6

3

2
 

 

  4n : 
3

26

3

24

3

2
8

3

2
 

 

       : 

       : 

       : 
 

  1n : 
3

4

3

6

3

2
2

3

2
 

 

  2n : 
3

10

3

12

3

2
4

3

2
 

 



  3n : 
3

16

3

18

3

2
6

3

2
 

 

  4n : 
3

22

3

24

3

2
8

3

2
 

 

       : 

       : 

       : 
 

 

The solutions in the IV quadrant:  The one solution in the IV quadrant, that is 

between 0 and 2 , is 
3

5

3
2 .  Now, all the other solutions in 

the IV quadrant are coterminal to this one solution.  Thus, all the solutions in 

the IV quadrant are given by n2
3

5
, where n is an integer. 

 

Thus, some of the solutions in the IV quadrant that are obtained by using 

n2
3

5
, where n is an integer, are: 

 

  0n : 
3

5
0

3

5
 

 

  1n : 
3

11

3

6

3

5
2

3

5
 

 

  2n : 
3

17

3

12

3

5
4

3

5
 

 

  3n : 
3

23

3

18

3

5
6

3

5
 

 

  4n : 
3

29

3

24

3

5
8

3

5
 



 

       : 

       : 

       : 
 

  1n : 
33

6

3

5
2

3

5
 

 

  2n : 
3

7

3

12

3

5
4

3

5
 

 

  3n : 
3

13

3

18

3

5
6

3

5
 

 

  4n : 
3

19

3

24

3

5
8

3

5
 

 

       : 

       : 

       : 
 

 

Answers:   n2
3

2
 ;   n2

3

5
, where n is an integer 

 

NOTE:  Since the period of the tangent function is , then these two answers 

may also be written as the one answer n
3

2
, where n is an integer. 

 

 

4. 24sec3 x        Back to Equations List 

 

 

First, do the necessary algebra to isolate xsec  on one side of the equation: 

 

 24sec3 x     6sec3 x     2sec x  



 

Now, take the reciprocal of both sides of this equation to obtain the equation 

2

1
cos x . 

 

Now, determine where the solutions x  will occur.  Since 
2

1
 is not the 

maximum positive number for the cosine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since cosine is positive in the I and IV quadrants, the solutions 

for this equation occur in those quadrants. 

 

Find the reference angle 'x  for the solutions x : 

 

  
2

1
cos x     

2

1
'cos x     

32

1
cos' 1x  

 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
3

x .  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by nx 2
3

, where n is an integer. 

 

 

The solutions in the IV quadrant:  The one solution in the IV quadrant, that is  

between 0 and 2 , is 
3

5

3
2x .  Now, all the other solutions in 

the IV quadrant are coterminal to this one solution.  Thus, all the solutions in 

the IV quadrant are given by nx 2
3

5
, where n is an integer. 

 

 

Answers:   nx 2
3

 ;   nx 2
3

5
, where n is an integer 

 

 



5. 512
3

sin14       Back to Equations List 

 

First, we must get the angle argument for the trigonometric function to be a 

single variable.  So, let 
3

u .  Thus, we obtain the equation 

512sin14 u .  Now, do the necessary algebra to isolate usin  on one 

side of the equation: 

 

 512sin14 u     7sin14 u     
2

1
sin u  

 

Now, determine where the solutions u  will occur.  Since 
2

1
 is not the 

minimum negative number for the sine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since sine is negative in the III and IV quadrants, the solutions for 

this equation occur in those quadrants. 

 

Find the reference angle 'u  for the solutions u : 

 

 
2

1
sin u     

2

1
'sin u     

62

1
sin' 1u  

 

The solutions in the III quadrant:  The one solution u in the III quadrant, that 

is between 0 and 2 , is 
6

7

6
u .  Now, all the other solutions u 

in the III quadrant are coterminal to this one solution.  Thus, all the solutions 

u in the III quadrant are given by nu 2
6

7
, where n is an integer.  

These are the solutions for u.  Now, find the solutions for .  Since 
3

u  

and nu 2
6

7
, then n2

6

7

3
.  Now, multiply both sides of 

this equation by 3 in order to solve for .  Thus, n6
2

7
, where n is 

an integer. 



 

Thus, some of the solutions in the III quadrant that are obtained by using 

n6
2

7
, where n is an integer, are: 

 

 0n : 
2

7
0

2

7
 

   NOTE:  
6

7

3
 is in the III quadrant. 

 

 1n : 
2

19

2

12

2

7
6

2

7
 

   NOTE:  
6

7
2

6

19

3
 is in the III quadrant. 

 

 2n : 
2

31

2

24

2

7
12

2

7
 

   NOTE:  
6

7
4

6

31

3
 is in the III quadrant. 

 

 3n : 
2

43

2

36

2

7
18

2

7
 

   NOTE:  
6

7
6

6

43

3
 is in the III quadrant. 

 

 4n : 
2

55

2

48

2

7
24

2

7
 

   NOTE:  
6

7
8

6

55

3
 is in the III quadrant. 

 

       : 

       : 

       : 
 

 1n : 
2

5

2

12

2

7
6

2

7
 



   NOTE:  
6

5

3
 is in the III quadrant. 

 

 2n : 
2

17

2

24

2

7
12

2

7
 

   NOTE:  
6

5
2

6

17

3
 is in the III quadrant. 

 

 3n : 
2

29

2

36

2

7
18

2

7
 

   NOTE:  
6

5
4

6

29

3
 is in the III quadrant. 

 

 4n : 
2

41

2

48

2

7
24

2

7
 

   NOTE:  
6

5
6

6

41

3
 is in the III quadrant. 

 

       : 

       : 

       : 
The solutions in the IV quadrant:  The one solution u in the IV quadrant, that 

is between 0 and 2 , is 
6

11

6
2u .  Now, all the other solutions 

u in the IV quadrant are coterminal to this one solution.  Thus, all the 

solutions u in the IV quadrant are given by nu 2
6

11
, where n is an 

integer.  These are the solutions for u.  Now, find the solutions for .  Since 

3
u  and nu 2

6

11
, then n2

6

11

3
.  Now, multiply both 

sides of this equation by 3 in order to solve for .  Thus, n6
2

11
, 

where n is an integer. 

 



Thus, some of the solutions in the IV quadrant that are obtained by using 

n6
2

11
, where n is an integer, are: 

 

 0n : 
2

11
0

2

11
 

   NOTE:  
6

11

3
 is in the IV quadrant. 

 

 1n : 
2

23

2

12

2

11
6

2

11
 

   NOTE:  
6

11
2

6

23

3
 is in the IV quadrant. 

 

 2n : 
2

35

2

24

2

11
12

2

11
 

   NOTE:  
6

11
4

6

35

3
 is in the IV quadrant. 

 

 3n : 
2

47

2

36

2

11
18

2

11
 

   NOTE:  
6

11
6

6

47

3
 is in the IV quadrant. 

 

 4n : 
2

59

2

48

2

11
24

2

11
 

   NOTE:  
6

11
8

6

59

3
 is in the IV quadrant. 

 

       : 

       : 

       : 
 

 1n : 
22

12

2

11
6

2

11
 



   NOTE:  
63

 is in the IV quadrant. 

 

 2n : 
2

13

2

24

2

11
12

2

11
 

   NOTE:  
6

2
6

13

3
 is in the IV quadrant. 

 

 3n : 
2

25

2

36

2

11
18

2

11
 

   NOTE:  
6

4
6

25

3
 is in the IV quadrant. 

 

 4n : 
2

37

2

48

2

11
24

2

11
 

   NOTE:  
6

6
6

37

3
 is in the IV quadrant. 

 

       : 

       : 

       : 
 

 

Answers:   n6
2

7
 ;   n6

2

11
, where n is an integer 

 

 

6. 1
3

5tan       Back to Equations List 

 

First, we must get the angle argument for the trigonometric function to be a 

single variable.  So, let 
3

5u .  Thus, we obtain the equation 

1tan u . 

 



Now, determine where the solutions u  will occur.  Since tangent is positive 

in the I and III quadrants, the solutions for this equation occur in those 

quadrants. 

 

Find the reference angle 'u  for the solutions u : 

 

  1tan u     1'tan u     
4

1tan' 1u  

 

The solutions in the I quadrant:  The one solution u in the I quadrant, that is 

between 0 and 2 , is 
4

u .  Now, all the other solutions u in the I 

quadrant are coterminal to this one solution.  Thus, all the solutions u in the I 

quadrant are given by nu 2
4

, where n is an integer.  These are the 

solutions for u.  Now, find the solutions for .  Since 
3

5u  and 

nu 2
4

, then n2
43

5 .  First, subtract 
3

 from both 

sides of the equation.  Thus, 
3

2
4

5 n   =  
12

4
2

12

3
n   =  

n2
12

.  Now, divide both sides of this equation by 5 in order to solve 

for .  Thus, 
5

2

60

n
  = 

60

24

60

n
  =  

60

24n
  =  

60

)124( n
, where n is an integer. 

 

Thus, some of the solutions in the I quadrant that are obtained by using 

60

)124( n
, where n is an integer, are: 

 

0n : 
606060

)10(
 

  NOTE:  
412

3

12

4

123
5  is in the I quadrant. 



 

1n : 
60

23

60

)124(
 

  NOTE:  
4

2
4

9

12

27

12

4

12

23

3
5  

is in the I quadrant. 

 

2n : 
60

47

60

)148(
 

  NOTE:  
4

4
4

17

12

51

12

4

12

47

3
5  

is in the I quadrant. 

 

3n : 
60

71

60

)172(
 

  NOTE:  
4

6
4

25

12

75

12

4

12

71

3
5  

is in the I quadrant. 

 

4n : 
12

19

60

95

60

)196(
 

  NOTE:  
4

8
4

33

12

99

12

4

12

95

3
5  

is in the I quadrant. 

 

       : 

       : 

       : 
 

1n : 
12

5

60

25

60

)124(
 

  NOTE:  
4

7

12

21

12

4

12

25

3
5  

is in the I quadrant. 

 



2n : 
60

49

60

)148(
 

  NOTE:  
4

7
2

4

15

12

45

12

4

12

49

3
5  

is in the I quadrant. 

 

3n : 
60

73

60

)172(
 

  NOTE:  
4

7
4

4

23

12

69

12

4

12

73

3
5  

is in the I quadrant. 

 

4n : 
60

97

60

)196(
 

  NOTE:  
4

7
6

4

31

12

93

12

4

12

97

3
5  

is in the I quadrant. 

 

       : 

       : 

       : 
 

The solutions in the III quadrant:  The one solution u in the III quadrant, that 

is between 0 and 2 , is 
4

5

4
u .  Now, all the other solutions u 

in the III quadrant are coterminal to this one solution.  Thus, all the solutions 

u in the III quadrant are given by nu 2
4

5
, where n is an integer.  

These are the solutions for u.  Now, find the solutions for .  Since 

3
5u  and nu 2

4

5
, then n2

4

5

3
5 .  First, 

subtract 
3

 from both sides of the equation.  Thus, 
3

2
4

5
5 n   =  

12

4
2

12

15
n   =  n2

12

11
.  Now, divide both sides of this 



equation by 5 in order to solve for .  Thus, 
5

2

60

11 n
  = 

60

24

60

11 n
  =  

60

2411 n
  =  

60

)1124( n
, where n is an integer. 

 

Thus, some of the solutions in the III quadrant that are obtained by using 

60

)1124( n
, where n is an integer, are: 

 

0n : 
60

11

60

)110(
 

  NOTE:  
4

5

12

15

12

4

12

11

3
5  

is in the III quadrant. 

 

1n : 
12

7

60

35

60

)1124(
 

  NOTE:  
4

5
2

4

13

12

39

12

4

12

35

3
5  

is in the III quadrant. 

 

2n : 
60

59

60

)1148(
 

  NOTE:  
4

5
4

4

21

12

63

12

4

12

59

3
5  

is in the III quadrant. 

 

3n : 
60

83

60

)1172(
 

  NOTE:  
4

5
6

4

29

12

87

12

4

12

83

3
5  

is in the III quadrant. 

 

4n : 
60

107

60

)1196(
 



  NOTE:  
4

5
8

4

37

12

111

12

4

12

107

3
5  

is in the III quadrant. 

 

       : 

       : 

       : 
 

1n : 
60

13

60

)1124(
 

  NOTE:  
4

3

12

9

12

4

12

13

3
5  

is in the III quadrant. 

 

2n : 
60

37

60

)1148(
 

  NOTE:  
4

3
2

4

11

12

33

12

4

12

37

3
5  

is in the III quadrant. 

 

3n : 
60

61

60

)1172(
 

  NOTE:  
4

3
4

4

19

12

57

12

4

12

61

3
5  

is in the III quadrant. 

 

4n : 
12

17

60

85

60

)1196(
 

  NOTE:  
4

3
6

4

27

12

81

12

4

12

85

3
5  

is in the III quadrant. 

 

       : 

       : 

       : 
 



 

Answers:   
60

)124( n
 ;   

60

)1124( n
, where n is an integer 

 

NOTE:  Since the period of the tangent function is , then these two answers 

may also be written as the one answer 
60

)112( n
, where n is an 

integer.  This expression is obtained in the following manner.  The solutions 

in the I quadrant in terms of u were given by  nu 2
4

, where  n  is an 

integer.  The solutions in the III quadrant in terms of u were given by  

nu 2
4

3
, where  n  is an integer.  These two solutions can be written 

as  nu
4

, where  n  is an integer.  Now, find the solutions for .  

Since 
3

5u  and nu
4

, then n
43

5 .  First, 

subtract 
3

 from both sides of the equation.  Thus, 
34

5 n   =  

12

4

12

3
n   =  n

12
.  Now, divide both sides of this equation 

by 5 in order to solve for .  Thus, 
560

n
  = 

60

12

60

n
  =  

60

12n
  =   

60

)112( n
, where n is an integer. 

 

 

7. 
3

2
)2804(csc      Back to Equations List 

 

 

First, we must get the angle argument for the trigonometric function to be a 

single variable.  So, let 2804u .  Thus, we obtain the equation 

3

2
csc u . 

 



Now, take the reciprocal of both sides of this equation to obtain the equation 

2

3
sin u . 

 

Now, determine where the solutions u  will occur.  Since 
2

3
 is not the 

minimum negative number for the sine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since sine is negative in the III and IV quadrants, the solutions for 

this equation occur in those quadrants. 

 

Find the reference angle 'u  for the solutions u : 

 

 
2

3
sin u     

2

3
'sin u     60

2

3
sin' 1u  

 

The solutions in the III quadrant:  The one solution u in the III quadrant, that 

is between 0  and 360 , is 24060180u .  Now, all the other 

solutions u in the III quadrant are coterminal to this one solution.  Thus, all 

the solutions u in the III quadrant are given by 360240 nu , where 

n is an integer.  These are the solutions for u.  Now, find the solutions for .  

Since 2804u  and 360240 nu , then 2804  

360240 n .  First, add 280  to both sides of the equation.  Thus, 

2803602404 n   =  360520 n .  Now, divide both 

sides of this equation by 4 in order to solve for .  Thus, 

90130 n , where n is an integer. 

 

Thus, some of the solutions in the III quadrant that are obtained by using 

90130 n , where n is an integer, are: 

 

0n : 130  

  NOTE:  2402805202804  

is in the III quadrant. 

 

1n : 22090130  

  NOTE:  2403606002808802804  



is in the III quadrant. 

 

2n : 310180130  

  NOTE:  24072096028012402804  

is in the III quadrant. 

 

3n : 400270130  

  NOTE:  240)360(3132028016002804  

is in the III quadrant. 

 

4n : 490360130  

  NOTE:  240)360(4168028019602804  

is in the III quadrant. 

 

       : 

       : 

       : 
 

 

1n : 4090130  

  NOTE:  1202801602804  

is in the III quadrant. 

 

2n : 50180130  

  NOTE:  1203604802802002804  

is in the III quadrant. 

 

3n : 140270130  

  NOTE:  1207208402805602804  

is in the III quadrant. 

 

4n : 230360130  

  NOTE:  120)360(312002809202804  

is in the III quadrant. 

 

       : 



       : 

       : 
 

 

The solutions in the IV quadrant:  The one solution u in the IV quadrant, that 

is between 0  and 360 , is 30060360u .  Now, all the other 

solutions u in the IV quadrant are coterminal to this one solution.  Thus, all 

the solutions u in the IV quadrant are given by 360300 nu , where 

n is an integer.  These are the solutions for u.  Now, find the solutions for .  

Since 2804u  and 360300 nu , then 2804  

360300 n .  First, add 280  to both sides of the equation.  Thus, 

2803603004 n   =  360580 n .  Now, divide both 

sides of this equation by 4 in order to solve for .  Thus, 

90145 n , where n is an integer. 

 

Thus, some of the solutions in the IV quadrant that are obtained by using 

90145 n , where n is an integer, are: 

 

0n : 145  

  NOTE:  3002805802804  

is in the IV quadrant. 

 

1n : 23590145  

  NOTE:  3003606602809402804  

is in the IV quadrant. 

 

2n : 325180145  

  NOTE:  300720102028013002804  

is in the IV quadrant. 

 

3n : 415270145  

  NOTE:  300)360(3138028016602804  

is in the IV quadrant. 

 

4n : 505360145  

  NOTE:  300)360(4174028020202804  



is in the IV quadrant. 

 

       : 

       : 

       : 
 

 

1n : 5590145  

  NOTE:  602802202804  

is in the IV quadrant. 

 

2n : 35180145  

  NOTE:  603604202801402804  

is in the IV quadrant. 

 

3n : 125270145  

  NOTE:  607207802805002804  

is in the IV quadrant. 

 

4n : 215360145  

  NOTE:  60)360(311402808602804  

is in the IV quadrant. 

 

       : 

       : 

       : 
 

 

Answers:  90130 n  ;  90145 n , where n is an 

integer 

 

 

8. 06cos        Back to Equations List 

 

First, we must get the angle argument for the trigonometric function to be a 

single variable.  So, let 6u .  Thus, we obtain the equation 0cos u . 



 

Since 0 is not positive, then the solutions u are neither in the I quadrant nor 

the IV quadrant. Since 0 is not negative, then the solutions u are neither in 

the II quadrant nor the III quadrant.  Thus, the solutions u occur at the 

coordinate axes.  The solutions u occur on the positive y-axis and on the 

negative y-axis. 

 

The solutions on the positive y-axis:  The one solution u on the positive y-

axis, that is in the interval )2,0[ , is 
2

u .  Now, all the other solutions 

u on the positive y-axis are coterminal to this one solution.  Thus, all the 

solutions u on the positive y-axis are given by nu 2
2

, where n is an 

integer.  These are the solutions for u.  Now, find the solutions for .  Since 

6u  and nu 2
2

, then n2
2

6 .  Divide both sides of 

this equation by 6 in order to solve for .  Thus, 
6

2

12

n
  = 

312

n
 =  

12

4

12

n
 =  

12

4n
  =  

12

)14( n
, where n is an integer. 

 

The solutions on the negative y-axis:  The one solution u on the negative y-

axis, that is in the interval )2,0[ , is 
2

3
u .  Now, all the other solutions 

u on the negative y-axis are coterminal to this one solution.  Thus, all the 

solutions u on the negative y-axis are given by nu 2
2

3
, where n is 

an integer.  These are the solutions for u.  Now, find the solutions for .  

Since 6u  and nu 2
2

3
, then n2

2

3
6 .  Divide both 

sides of this equation by 6 in order to solve for .  Thus, 
6

2

12

3 n
  = 

34

n
 =  

12

4

12

3 n
 =  

12

43 n
  =  

12

)34( n
, where n is an 

integer. 

 

 



Answers:  
12

)14( n
 and 

12

)34( n
, where n is an integer 

NOTE:  This answer is the same as the answer 
12

)12( n
, where n is 

an integer. 

 

 

9. 02sec 2
       Back to Equations List 

 

First, do the necessary algebra to isolate 
2sec  on one side of the equation: 

 

 02sec 2
    2sec 2

    
2

1
cos 2

 

 

Now, use square roots to solve for cos .  Recall that xx 2
.  Thus, if 

ax 2
, where 0a , then axaxax 2

.  

Thus, 

2

1
cos 2

   
2

1
cos    

2

1
cos    

2

2
cos  

Thus, there are two equations to be solved.  The first equation is 

2

2
cos  and the second equation is 

2

2
cos . 

 

To solve the first equation 
2

2
cos :  Since 

2

2
 is not the maximum 

positive number for the cosine function, then the solutions do not occur at the 

coordinate axes.  Thus, the solutions occur in two of the four quadrants.  

Since cosine is positive in the I and IV quadrants, the solutions for this first 

equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
2

2
cos     

2

2
'cos     

42

2
cos' 1

 



 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
4

.  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by n2
4

, where n is an integer. 

 

The solutions in the IV quadrant:  The one solution in the IV quadrant, that is 

between 0 and 2 , is 
4

7

4
2 .  Now, all the other solutions in 

the IV quadrant are coterminal to this one solution.  Thus, all the solutions in 

the IV quadrant are given by n2
4

7
, where n is an integer. 

 

Thus, the solutions of the first equation 
2

2
cos  are n2

4
 and 

n2
4

7
, where n is an integer. 

 

To solve the second equation 
2

2
cos :  Since 

2

2
 is not the 

minimum negative number for the cosine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since cosine is negative in the II and III quadrants, the solutions 

for this second equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
2

2
cos     

2

2
'cos     

42

2
cos' 1

 

 

The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
4

3

4
.  Now, all the other solutions in the 

II quadrant are coterminal to this one solution.  Thus, all the solutions in the  



II quadrant are given by n2
4

3
, where n is an integer. 

 

The solutions in the III quadrant:  The one solution in the III quadrant, that is 

between 0 and 2 , is 
4

5

4
.  Now, all the other solutions in the 

III quadrant are coterminal to this one solution.  Thus, all the solutions in the 

III quadrant are given by n2
4

5
, where n is an integer. 

 

Thus, the solutions of the second equation 
2

2
cos  are 

n2
4

3
 and n2

4

5
, where n is an integer. 

Answer:  n2
4

 ;  n2
4

3
 ;  n2

4

5
 ; 

n2
4

7
, where n is an integer 

 

NOTE:  This answer may also be written in the following two ways: 

 

1. n
4

 ;  n
4

3
, where n is an integer 

 

2. 
4

)12(

24

nn
, where n is an integer 

 

 

10. 129sin4 2
      Back to Equations List 

 

First, do the necessary algebra to isolate 
2sin  on one side of the equation: 

 

129sin4 2
   3sin4 2

   
4

3
sin 2

   
2

3
sin  

 



Thus, there are two equations to be solved.  The first equation is 

2

3
sin  and the second equation is 

2

3
sin . 

 

To solve the first equation 
2

3
sin :  Since 

2

3
 is not the maximum 

positive number for the sine function, then the solutions do not occur at the 

coordinate axes.  Thus, the solutions occur in two of the four quadrants.  

Since sine is positive in the I and II quadrants, the solutions for this first 

equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
2

3
sin     

2

3
'sin      

32

3
sin' 1

 

 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
3

.  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by n2
3

, where n is an integer. 

 

The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
3

2

3
.  Now, all the other solutions in 

the II quadrant are coterminal to this one solution.  Thus, all the solutions in 

the II quadrant are given by n2
3

2
, where n is an integer. 

 

Thus, the solutions of the first equation 
2

3
sin  are n2

3
 

and n2
3

2
, where n is an integer. 

 



To solve the second equation 
2

3
sin :  Since 

2

3
 is not the 

minimum negative number for the sine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since sine is negative in the III and IV quadrants, the solutions for 

this second equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
2

3
sin     

2

3
'sin     

32

3
sin' 1

 

 

The solutions in the III quadrant:  The one solution in the III quadrant, that is 

between 0 and 2 , is 
3

4

3
.  Now, all the other solutions in 

the III quadrant are coterminal to this one solution.  Thus, all the solutions in  

the III quadrant are given by n2
3

4
, where n is an integer. 

 

The solutions in the IV quadrant:  The one solution in the IV quadrant, that is 

between 0 and 2 , is 
3

5

3
2 .  Now, all the other solutions in 

the IV quadrant are coterminal to this one solution.  Thus, all the solutions in 

the IV quadrant are given by n2
3

5
, where n is an integer. 

 

Thus, the solutions of the second equation 
2

3
sin  are 

n2
3

4
 and n2

3

5
, where n is an integer. 

 

 

Answer:  n2
3

 ;  n2
3

2
 ;  n2

3

4
 ; 

n2
3

5
, where n is an integer 



NOTE:  This answer is the same as the answer n
3

 and 

n
3

2
, where n is an integer. 

 

 

We will need the following theorem in order to solve the rest of these examples. 

 

Theorem  If 0ba , then either 0a , or 0b , or both are zero. 

 

 

11. 0)2csc(cos       Back to Equations List 

 

Using the theorem above, we have that 0cos  or 02csc .  Thus, 

there are two equations to be solved. 

 

To solve the first equation 0cos :  Since 0 is not positive, then the 

solutions are neither in the I quadrant nor the IV quadrant. Since 0 is not 

negative, then the solutions are neither in the II quadrant nor the III quadrant.  

Thus, the solutions occur at the coordinate axes.  The solutions occur on the 

positive y-axis and on the negative y-axis. 

 

The solutions on the positive y-axis:  The one solution on the positive y-axis, 

that is in the interval )2,0[ , is 
2

.  Now, all the other solutions on 

the positive y-axis are coterminal to this one solution.  Thus, all the solutions 

on the positive y-axis are given by n2
2

, where n is an integer. 

 

The solutions on the negative y-axis:  The one solution on the negative y-axis, 

that is in the interval )2,0[ , is 
2

3
.  Now, all the other solutions on 

the negative y-axis are coterminal to this one solution.  Thus, all the solutions 

on the negative y-axis are given by n2
2

3
, where n is an integer. 

 



Thus, the solutions of the first equation 0cos  are n2
2

 and 

n2
2

3
, where n is an integer.  NOTE:  This answer is the same as 

the answer n
2

, where n is an integer. 

 

 

To solve the second equation 02csc : 

 

  02csc     2csc     
2

1
sin  

 

Since 
2

1
 is not the maximum positive number for the sine function, then the 

solutions do not occur at the coordinate axes.  Thus, the solutions occur in 

two of the four quadrants.  Since sine is positive in the I and II quadrants, the 

solutions for this second equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

  
2

1
sin     

2

1
'sin     

62

1
sin' 1

 

 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
6

.  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by n2
6

, where n is an integer. 

  

The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
6

5

6
.  Now, all the other solutions in 

the II quadrant are coterminal to this one solution.  Thus, all the solutions in 

the II quadrant are given by n2
6

5
, where n is an integer. 



Thus, the solutions of the second equation 02csc  are 

n2
6

 and n2
6

5
, where n is an integer. 

 

 

Answer:  n
2

 ;  n2
6

 ;  n2
6

5
, where n is an 

integer. 

 

 

12. xxx sintansin3       Back to Equations List 

 

NOTE:  The first step that most students want to do is to divide both sides of 

the equation by xsin .  If you divide both sides of the equation by xsin , you 

might (and probably will) be dividing by zero.  Of course, division by zero is 

undefined. 

 

Our first step is to produce a zero on one side of the equation.  Subtracting 

xsin  from both sides of the equation, we have that  

 

  xxx sintansin3     0sintansin3 xxx  

 

Our next step is to factor out the common xsin .  Thus, 

 

0sintansin3 xxx     0)1tan3(sin xx  

 

Now, using the theorem above, we have that 0sin x  or 

01tan3 x .  Thus, there are two equations to be solved. 

 

To solve the first equation 0sin x :  Since 0 is not positive, then the 

solutions are neither in the I quadrant nor the II quadrant. Since 0 is not 

negative, then the solutions are neither in the III quadrant nor the IV 

quadrant.  Thus, the solutions occur at the coordinate axes.  The solutions 

occur on the positive x-axis and on the negative x-axis. 

 



The solutions on the positive x-axis:  The one solution on the positive x-axis, 

that is in the interval )2,0[ , is 0x .  Now, all the other solutions on the 

positive x-axis are coterminal to this one solution.  Thus, all the solutions on 

the positive x-axis are given by nnx 220 , where n is an integer. 

 

The solutions on the negative x-axis:  The one solution on the negative x-axis, 

that is in the interval )2,0[ , is x .  Now, all the other solutions on the 

negative x-axis are coterminal to this one solution.  Thus, all the solutions on 

the negative x-axis are given by )12(2 nnx , where n is an 

integer. 

 

Thus, the solutions of the first equation 0sin x  are nx 2  and 

)12( nx , where n is an integer.  NOTE:  This answer is the same as 

the answer nx , where n is an integer. 

 

 

To solve the second equation 01tan3 x : 

 

 01tan3 x     1tan3 x     
3

1
tan x  

 

Since tangent is positive in the I and III quadrants, the solutions for this 

second equation occur in those quadrants. 

 

Find the reference angle 'x  for the solutions x : 

 

 
3

1
tan x     

3

1
'tan x     

63

1
tan' 1x  

 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
6

x .  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by nx 2
6

, where n is an integer. 

  



The solutions in the III quadrant:  The one solution in the III quadrant, that is 

between 0 and 2 , is 
6

7

6
x .  Now, all the other solutions in the 

III quadrant are coterminal to this one solution.  Thus, all the solutions in the 

III quadrant are given by nx 2
6

7
, where n is an integer. 

 

Thus, the solutions of the second equation 01tan3 x  are  

nx 2
6

 and nx 2
6

7
, where n is an integer.  NOTE:  This  

answer is the same as the answer nx
6

, where n is an integer. 

 

 

Answer:  nx  ;  nx
6

, where n is an integer 

 

 

13. 0)1sin()1cos(      Back to Equations List 

 

Using the theorem above, we have that 01cos  or 01sin .  

Thus, there are two equations to be solved. 

 

To solve the first equation 01cos : 

 

   01cos     1cos  

 

Since 1 is the minimum negative number for the cosine function, then the 

solutions occur at the coordinate axes.  There is only one solution and it 

occurs on the negative x-axis. 

 

The solutions for 01cos :  The one solution on the negative x-axis, 

that is in the interval )2,0[ , is .  Now, all the other solutions on the 

negative x-axis are coterminal to this one solution.  Thus, all the solutions on 

the negative x-axis are given by )12(2 nn , where n is an 

integer. 

 



Thus, the solutions of the first equation 01cos  are )12( n , 

where n is an integer. 

 

 

To solve the second equation 01sin : 

 

   01sin     1sin  

 

Since 1 is the maximum positive number for the sine function, then the 

solutions occur at the coordinate axes.  There is only one solution and it 

occurs on the positive y-axis. 

 

The solutions for 01sin :  The one solution on the positive y-axis, 

that is in the interval )2,0[ , is 
2

.  Now, all the other solutions on 

the positive y-axis are coterminal to this one solution.  Thus, all the solutions  

on the positive y-axis are given by n2
2

, where n is an integer. 

 

Thus, the solutions of the second equation 01sin  are 

n2
2

, where n is an integer. 

 

 

Answers:  )12( n  ;  n2
2

, where n is an integer 

 

 

14. 01coscos2 2
     Back to Equations List 

 

This equation is a quadratic equation in cos .  We must first factor the left 

side of this equation.  The first “term” of 
2cos2  has one set of factors.  

This set of factors is cos  and cos2 .  The last term of 1 also has one set  

of factors.  This set of factors is 1 and 1.  Since the last term is negative, then 

the signs separating these factors are different (one is positive and the other is 

negative.)  Thus, 

 



  )1cos2()1cos(1coscos2 2
 

 

Thus, 

 

 01coscos2 2
    0)1cos2()1cos(  

 

Using the theorem above, we have that 01cos  or 01cos2 .  

Thus, there are two equations to be solve. 

 

To solve the first equation 01cos : 

 

    01cos     1cos  

 

Since 1 is the maximum positive number for the cosine function, then the 

solutions occur at the coordinate axes.  There is only one solution and it 

occurs on the positive x-axis. 

 

The solutions for 01cos :  The one solution on the positive x-axis, 

that is in the interval )2,0[ , is 0 .  Now, all the other solutions on the 

positive x-axis are coterminal to this one solution.  Thus, all the solutions on 

the positive x-axis are given by nn 220 , where n is an integer. 

 

Thus, the solutions of the first equation 01cos  are n2 , where 

n is an integer. 

 

 

To solve the second equation 01cos2 : 

 

  01cos2     1cos2     
2

1
cos  

 

Determine where the solutions  will occur.  Since 
2

1
 is not the minimum 

negative number for the cosine function, then the solutions do not occur at 

the coordinate axes.  Thus, the solutions occur in two of the four quadrants.  

Since cosine is negative in the II and III quadrants, the solutions for this 

equation occur in those quadrants. 



 

Find the reference angle '  for the solutions : 

 

  
2

1
cos     

2

1
'cos     

32

1
cos' 1

 

 

The solutions in the II quadrant:  The one solution in the II quadrant, that is 

between 0 and 2 , is 
3

2

3
.  Now, all the other solutions in the 

II quadrant are coterminal to this one solution.  Thus, all the solutions in the 

II quadrant are given by n2
3

2
, where n is an integer. 

 

The solutions in the III quadrant:  The one solution in the III quadrant, that is  

between 0 and 2 , is 
3

4

3
.  Now, all the other solutions in 

the III quadrant are coterminal to this one solution.  Thus, all the solutions in 

the III quadrant are given by n2
3

4
, where n is an integer. 

 

Thus, the solutions of the second equation 01cos2  are 

n2
3

2
 and n2

3

4
, where n is an integer. 

 

 

Answers:   n2  ;   n2
3

2
 ; n2

3

4
, where n is an 

integer 

 

 

15. 05sin7sin6 2
     Back to Equations List 

 

This equation is a quadratic equation in sin .  We must first factor the left 

side of this equation.  The first “term” of 
2sin6  have two sets of factors.  

The first set of factors  is sin  and sin6 , and the second set  is sin2  and 

sin3 .  The last term of 5 has one set of factors.  This set of factors is 1 and 



5.  Since the last term is negative, then the signs separating these factors are 

different (one is positive and the other is negative.)  Thus, 

 

  )5sin3()1sin2(5sin7sin6 2
 

 

Thus, 

 

 05sin7sin6 2
   0)5sin3()1sin2(  

 

Using the theorem above, we have that 01sin2  or 05sin3 .  

Thus, there are two equations to be solved. 

 

To solve the first equation 01sin2 : 

 

  01sin2     1sin2     
2

1
sin  

 

First, determine where the solutions  will occur.  Since 
2

1
 is not the 

maximum positive number for the sine function, then the solutions do not 

occur at the coordinate axes.  Thus, the solutions occur in two of the four 

quadrants.  Since sine is positive in the I and II quadrants, the solutions for 

this equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

  
2

1
sin     

2

1
'sin     

62

1
sin' 1

 

 

The solutions in the I quadrant:  The one solution in the I quadrant, that is 

between 0 and 2 , is 
6

.  Now, all the other solutions in the I quadrant 

are coterminal to this one solution.  Thus, all the solutions in the I quadrant 

are given by n2
6

, where n is an integer. 

 

 



The solutions in the II quadrant:  The one solution in the II quadrant, that is  

between 0 and 2 , is 
6

5

6
.  Now, all the other solutions in 

the II quadrant are coterminal to this one solution.  Thus, all the solutions in 

the II quadrant are given by n2
6

5
, where n is an integer. 

 

Thus, the solutions of the first equation 01sin2  are n2
6

 

and n2
6

5
, where n is an integer. 

 

 

To solve the second equation 05sin3 : 

 

  05sin3     5sin3     
3

5
sin  

 

Since 
3

5
 is less than the minimum negative number for the sine function, 

then this equation has no solutions. 

 

Thus, there are no solutions for the second equation 05sin3 . 

 

 

Answers:   n2
6

 ;   n2
6

5
, where n is an integer 

 

 

16. cos1124cos 2
     Back to Equations List 

 

This equation is a quadratic equation in cos .  First, we will need to produce 

a zero on one side of the equation.  Subtract cos11  from both sides of the 

equation.  Thus, 

 

 cos1124cos 2
  024cos11cos 2

 

 



Now, we will factor the left side of this equation.  The first “term” of 
2cos  

have one set of factors.  This set of factors is cos  and cos .  The last term 

of 24 has four sets of factors.  The first set of factors  is 1 and 24,  the second 

set  is 2 and 12, the third set is 3 and 8, and the fourth set is 4 and 6.  Since 

the last term is positive, then the signs separating these factors are the same.  

This sign is the sign of the middle term, which is negative.  Thus, 

 

  )8cos()3cos(24cos11cos 2
 

 

Thus, 

 

 024cos11cos 2
   0)8cos()3cos(  

 

Using the theorem above, we have that 03cos  or 08cos .  

Thus, there are two equations to be solved. 

 

To solve the first equation 03cos : 

 

    03cos     3cos  

 

Since 3 is greater than the maximum positive number for the cosine function, 

then this equation has no solutions. 

 

Thus, there are no solutions for the first equation 03cos . 

 

 

To solve the second equation 08cos : 

 

    08cos     8cos  

 

Since 8 is greater than the maximum positive number for the cosine function, 

then this equation has no solutions. 

 

Thus, there are no solutions for the second equation 08cos . 

 

 

Answer:   No solution 

 



 

Example  Find all the approximate solutions (in degrees) between 360  and 

540  for the equation  
4

5
tan .  

 

Determine where the solutions  will occur.  Since tangent is negative in the II and 

IV quadrants, the solutions for this equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

 
4

5
tan     

4

5
'tan     3.51

4

5
tan' 1

 

 

The solutions in the II quadrant:  The one approximate solution in the II quadrant, 

that is between 0  and 360 , is 7.1283.51180'180 .  

Now, all the other approximate solutions in the II quadrant are coterminal to this 

one solution.  Thus, all the approximate solutions in the II quadrant are given by 

3607.128 n , where n is an integer. 

 

Now, use 3607.128 n , where n is an integer, to find the approximate 

solutions in the II quadrant that are between 360  and 540 : 

 

  0n : 7.12807.128  

 

  1n : 7.4883607.128  

 

  2n : 5407.8487207.128  

 

  1n : 3.2313607.128  

 

  2n : 3603.5917207.128  

 

Thus, the approximate solutions in the II quadrant that are between 360  and 

540  are 3.231 , 7.128 , and 7.488 . 

 

The solutions in the IV quadrant:  The one approximate solution in the IV quadrant, 

that is between 0  and 360 , is 7.3083.51360'360 .  



Now, all the other approximate solutions in the IV quadrant are coterminal to this 

one solution.  Thus, all the approximate solutions in the IV quadrant are given by 

3607.308 n , where n is an integer. 

 

Now, use 3607.308 n , where n is an integer, to find the approximate 

solutions in the IV quadrant that are between 360  and 540 : 

 

  0n : 7.30807.308  

 

  1n : 5407.6683607.308  

 

  1n : 3.513607.308  

 

  2n : 3603.4117207.308  

 

Thus, the approximate solutions in the IV quadrant that are between 360  and 

540  are 3.51  and 7.308  

 

 

Answers:   3.231 , 3.51 , 7.128 , 7.308 , 7.488  

 

Back to Additional Examples List 

 

 

Example  Find all the approximate solutions (in degrees) between 270  and 

630  for the equation  072sec3 .  

 

First, we must get the angle argument for the trigonometric function to be a single 

variable.  So, let 2u .  Thus, we obtain the equation 07sec3 u . 

 

 07sec3 u     7sec3 u     
3

7
sec u     

7

3
cos u  

 

Determine where the solutions u  will occur.  Since 
7

3
 is not the maximum positive 

number for the cosine function, then the solutions do not occur at the coordinate 

axes.  Thus, the solutions occur in two of the four quadrants.  Since cosine is 



positive in the I and IV quadrants, the solutions for this equation occur in those 

quadrants. 

 

Find the reference angle 'u  for the solutions u : 

 

  
7

3
cos u     

7

3
'cos u     6.64

7

3
cos' 1u  

 

The solutions in the I quadrant:  The one approximate solution u in the I quadrant, 

that is between 0  and 360 , is 6.64u .  Now, all the other approximate 

solutions u in the I quadrant are coterminal to this one solution.  Thus, all the 

approximate solutions in the I quadrant are given by 3606.64 nu , where 

n is an integer.  These are the approximate solutions for u.  Now, find the 

approximate solutions for .  Since 2u  and 3606.64 nu , then 

3606.642 n .  Divide both sides of this equation by 2 in order to solve 

for .  Thus, 1803.32 n . 

 

Now, use 1803.32 n , where n is an integer, to find the approximate 

solutions in the I quadrant that are between 270  and 630 : 

 

  0n : 3.3203.32  

 

  1n : 3.2121803.32  

 

  2n : 3.3923603.32  

 

  3n : 3.5725403.32  

 

  4n : 6303.7527203.32  

 

  1n : 7.1471803.32  

 

  2n : 2707.3273603.32  

 

Thus, the approximate solutions in the I quadrant that are between 270  and 

630  are 7.147 , 3.32 , 3.212 , 3.392  and 3.572 . 

 



The solutions in the IV quadrant:  The one approximate solution u in the IV 

quadrant, that is between 0  and 360 , is '360 uu  

4.2956.64360 .  Now, all the other approximate solutions u in the IV 

quadrant are coterminal to this one solution.  Thus, all the approximate solutions in 

the IV quadrant are given by 3604.295 nu , where n is an integer.  These 

are the approximate solutions for u.  Now, find the approximate solutions for .  

Since 2u  and 3604.295 nu , then 3604.2952 n .  

Divide both sides of this equation by 2 in order to solve for .  Thus, 

1807.147 n . 

 

Now, use 1807.147 n , where n is an integer, to find the approximate 

solutions in the IV quadrant that are between 270  and 630 : 

 

  0n : 7.14707.147  

 

  1n : 7.3271807.147  

 

  2n : 7.5073607.147  

 

  3n : 6307.6875407.147  

 

  1n : 3.321807.147  

 

  2n : 3.2123607.147  

 

  3n : 2703.3925407.147  

 

Thus, the approximate solutions in the IV quadrant that are between 270  and 

630  are 3.212 , 3.32 , 7.147 , 7.327 , and 7.507 . 

 

 

Answers:  3.212 , 7.147 , 3.32 , 3.32 , 7.147 , 3.212 , 7.327 , 

3.392 , 7.507 , 3.572  

 

Back to Additional Examples List 

 

 



Example  Find all the approximate solutions (in degrees) between 360  and 

360  for the equation  04)1503(sin9 . 

 

First, we must get the angle argument for the trigonometric function to be a single 

variable.  So, let 1503u .  Thus, we obtain the equation 04sin9 u . 

 

  04sin9 u     4sin9 u     
9

4
sin u  

 

Determine where the solutions u  will occur.  Since 
9

4
 is not the minimum 

negative number for the sine function, then the solutions do not occur at the 

coordinate axes.  Thus, the solutions occur in two of the four quadrants.  Since sine 

is negative in the III and IV quadrants, the solutions for this equation occur in those 

quadrants. 

 

Find the reference angle 'u  for the solutions u : 

 

  
9

4
sin u     

9

4
'sin u     4.26

9

4
sin' 1u  

 

The solutions in the III quadrant:  The one approximate solution u in the III 

quadrant, that is between 0  and 360 , is '180 uu  

4.2064.26180 .  Now, all the other approximate solutions u in the III 

quadrant are coterminal to this one solution.  Thus, all the approximate solutions in 

the III quadrant are given by 3604.206 nu , where n is an integer.  These 

are the approximate solutions for u.  Now, find the approximate solutions for .  

Since 1503u  and 3604.206 nu , then 1503  

3604.206 n .  First, subtract 150  from both sides of the equation.  Thus, 

1503604.2063 n   =  3604.563 n .  Now, divide both 

sides of this equation by 3 in order to solve for .  Thus, 1208.18 n . 

 

Now, use 1208.18 n , where n is an integer, to find the approximate 

solutions in the III quadrant that are between 360  and 360 : 

 

  0n : 8.1808.18  



 

  1n : 8.1381208.18  

 

  2n : 8.2582408.18  

 

  3n : 3603608.18  

 

  1n : 2.1011208.18  

 

  2n : 2.2212408.18  

 

  3n : 2.3413608.18  

 

  4n : 3604808.18  

 

Thus, the approximate solutions in the III quadrant that are between 360  and 

360  are 2.341 , 2.221 , 2.101 , 8.18 , 8.138 ,  and 8.258 . 

 

The solutions in the IV quadrant:  The one approximate solution u in the IV 

quadrant, that is between 0  and 360 , is '360 uu  

6.3334.26360 .  Now, all the other approximate solutions u in the IV 

quadrant are coterminal to this one solution.  Thus, all the approximate solutions in 

the IV quadrant are given by 3606.333 nu , where n is an integer.  These 

are the approximate solutions for u.  Now, find the approximate solutions for .  

Since 1503u  and 3606.333 nu , then 1503  

3606.333 n .  First, subtract 150  from both sides of the equation.  Thus, 

1503606.3333 n   =  3606.1833 n .  Now, divide both 

sides of this equation by 3 in order to solve for .  Thus, 1202.61 n . 

 

Now, use 1202.61 n , where n is an integer, to find the approximate 

solutions in the IV quadrant that are between 360  and 360 : 

 

  0n : 2.6102.61  

 

  1n : 2.1811202.61  

 



  2n : 2.3012402.61  

 

  3n : 3603602.61  

 

  1n : 8.581202.61  

 

  2n : 8.1782402.61  

 

  3n : 8.2983602.61  

 

  4n : 3604802.61  

 

Thus, the approximate solutions in the IV quadrant that are between 360  and 

360  are 8.298 , 8.178 , 8.58 ,   2.61 , 2.181 ,  and 2.301 . 

 

Answers:  2.341 , 8.298 , 2.221 , 8.178 , 2.101 , 8.58 , 

8.18 ,  2.61 , 8.138 , 2.181 , 8.258 , 2.301  

 

Back to Additional Examples List 

 

 

Example  Find all the exact and approximate solutions to the equation 

011tan6tan 2
. 

 

This equation is a quadratic equation in tan .  However, this equation does not 

factor.  Thus, we will need to use the Quadratic Formula.  Recall:  If given the 

quadratic equation 02 cxbxa , then 
a

cabb
x

2

42

.  Thus, 

 

 
2

)11()1(4366
tan   =  

2

44366
  =  

2

806
  = 

 

 
2

546
  =  

2

)523(2
  =  523  

 



Thus, there are two equations to be solved.  The first equation is 

523tan  and the second equation is 523tan  

 

To solve the first equation 523tan : 

 

First, determine where the solutions  will occur.  The number 523  is 

positive.  Since tangent is positive in the I and III quadrants, the solutions for this 

first equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

     523tan     523'tan     )523(tan' 1
 

 

The solutions in the I quadrant:  The one exact solution in the I quadrant, that is 

between 0  and 360 , is )523(tan 1
.  Now, all the other exact 

solutions in the I quadrant are coterminal to this one solution.  Thus, all the exact 

solutions in the I quadrant are given by 360)523(tan 1 n , where n 

is an integer.  Since 4.82)523(tan 1
, then all the approximate 

solutions in the I quadrant are given by 3604.82 n , where n is an 

integer. 

 

The solutions in the III quadrant:  The one exact solution in the III quadrant, that is 

between 0  and 360 , is )523(tan180'180 1
.  Now, all 

the other exact solutions in the III quadrant are coterminal to this one solution.  

Thus, all the exact solutions in the III quadrant are given by 

360)523(tan180 1 n  =  1802)523(tan180 1 n  

= 180)12()523(tan 1 n  , where n is an integer.  Since 

4.82)523(tan 1
, then all the approximate solutions in the III quadrant 

are given by 180)12(4.82 n , where n is an integer. 

 

The exact solutions of the first equation 523tan  are 

360)523(tan 1 n  and 180)12()523(tan 1 n , 

where n is an integer.  NOTE:  Since the period of the tangent function is , then 



this answer may also be written as 180)523(tan 1 n , where n is 

an integer. 

 

The approximate solutions of the first equation 523tan  are 

3604.82 n  and 180)12(4.82 n , where n is an integer.  

NOTE:  Since the period of the tangent function is , then this answer may also be 

written as 1804.82 n , where n is an integer. 

 

 

To solve the second equation 523tan : 

 

First, determine where the solutions  will occur.  The number 523  is 

negative.  Since tangent is negative in the II and IV quadrants, the solutions for this 

second equation occur in those quadrants. 

 

Find the reference angle '  for the solutions : 

 

523tan    )523('tan  

 

   352'tan     )352(tan' 1
 

 

 

The solutions in the II quadrant:  The one exact solution in the II quadrant, that is 

between 0  and 360 , is )352(tan180'180 1
.  Now, all 

the other exact solutions in the II quadrant are coterminal to this one solution.  

Thus, all the exact solutions in the II quadrant are given by 

360)352(tan180 1 n   =  1802)352(tan180 1 n   

=  180)12()352(tan 1 n , where n is an integer.  Since 

8.55)352(tan 1
, then all the approximate solutions in the II quadrant 

are given by 180)12(8.55 n   =  3602.124 n , where n is an 

integer. 

 

The solutions in the IV quadrant:  The one exact solution in the IV quadrant, that is 

between 0  and 360 , is )352(tan360'360 1
.  Now, all 



the other exact solutions in the IV quadrant are coterminal to this one solution.  

Thus, all the exact solutions in the IV quadrant are given by 

360)352(tan360 1 n   =  360)1()352(tan 1 n , 

where n is an integer.  Since 8.55)352(tan 1
, then all the approximate 

solutions in the IV quadrant are given by 360)1(8.55 n   =   

3602.304 n , where n is an integer. 

 

Thus, the exact solutions of the second equation 523tan  are 

180)12()352(tan 1 n  and 360)1()352(tan 1 n , 

where n is an integer.  NOTE:  Since the period of the tangent function is , then 

this answer may also be written as 180)1()352(tan 1 n , 

where n is an integer. 

 

Thus, the approximate solutions of the second equation 523tan  are 

3602.124 n  and 3602.304 n , where n is an integer.  NOTE:  

Since the period of the tangent function is , then this answer may also be written 

as 1802.124 n , where n is an integer. 

 

 

Answers: Exact:  180)523(tan 1 n  

     180)1()352(tan 1 n , 

     where n is an integer 

  Approximate:  1804.82 n  

         1802.124 n , 

      where n is an integer 

 

Back to Additional Examples List 


