
Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 
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If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 

SOLUTION:  

If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 

SOLUTION:  

If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 

SOLUTION:  

If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 

SOLUTION:  

If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 

SOLUTION:  

If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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Find the exact value of each trigonometric expression.
45. cos 15  

SOLUTION:  
Write 15° as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

46. sin 345  

SOLUTION:  
Write 345° as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

47. tan  

SOLUTION:  

ANSWER:  

2 –  

48. sin  

SOLUTION:  

Write  as the sum or difference of angle measures with sines that you know.

 

ANSWER:  
 

49. cos 
 

SOLUTION:  

Write  as the sum or difference of angle measures with cosines that you know.

 

ANSWER:  
 

50. tan  

SOLUTION:  

Write  as the sum or difference of angle measures with tangents that you know.

 

ANSWER:  

2 +  

Simplify each expression.

51.   

SOLUTION:  

ANSWER:  
0 

52. cos 24  cos 36  − sin 24  sin 36  

SOLUTION:  

ANSWER:  
 

53. sin 95  cos 50  − cos 95  sin 50  

SOLUTION:  

ANSWER:  
 

54. cos  cos   + sin   sin   

SOLUTION:  

ANSWER:  
 

Verify each identity.

55. cos (  + 30 ) – sin (  + 60 ) = –sin  

SOLUTION:  

ANSWER:  

56. 
 

SOLUTION:  

ANSWER:  
 

57. 
 

SOLUTION:  

 

ANSWER:  

58. 
 

SOLUTION:  

ANSWER:  
 

Find the values of sin 2 , cos 2 , and tan 2  for the given value and interval.

59. cos  =  , (0 , 90 )
 

SOLUTION:  

Since  on the interval (0°, 90°), one point on the terminal side of θ has x-coordinate 1 and a distance of 3 

units from the origin as shown. The y-coordinate of this point is therefore  or 2 .
 

 

Using this point, we find that  and   Now use the double-angle identities for sine, 

cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

60. tan  = 2, (180 , 270 ) 

SOLUTION:  

If tan  = 2, then tan   =  . Since tan  =   on the interval (180°, 270°), one point on the terminal side of   has

x-coordinate −1 and y-coordinate −2 as shown. The distance from the point to the origin is  or  .
 

 

Using this point, we find that  and  . Now use the double-angle identities for 

sine, cosine, and tangent to find sin 2 , cos 2 , and tan 2 . 
 

 

 

ANSWER:  

, , 
 

Find the exact value of each expression.
63. sin 75  

SOLUTION:  
Notice that 75° is half of 150°. Therefore, apply the half-angle identity for sine, noting that since 75° lies in Quadrant
I, its sine is positive. 

 

ANSWER:  
 

64. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant II, its cosine is negative. 

 

ANSWER:  
 

65. tan 67.5  

SOLUTION:  
Notice that 67.5° is half of 135°. Therefore, apply the half-angle identity for tangent, noting that since 67.5° lies in 
Quadrant I, its tangent is positive. 

 

ANSWER:  
 

66. cos  

SOLUTION:  

Notice that  is half of  . Therefore, apply the half-angle identity for cosine, noting that since  lies in 

Quadrant I, its cosine is positive. 

 

ANSWER:  
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