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3. Derivatives of Trigonometric Functions

3.1. Trigonometric Limits

Theorem 3.1: [Two Special Trigonometric Limits ]

1. lim
x→a

sinx

x
= 1❍? 2. lim

x→a

1− cosx

x
= 0❍?

Note 1: When you try to apply lim
x→a

sinx

x
= 1, or lim

x→a

1− cosx

x
= 0 make sure that the

denominator is the same as the argument of the sine or cosine function. Remember you can
not change the argument of the sine or cosine function but you can multiply the denominator
and the numerator by the same number if you need.

❘ ➡ ➡ ➦ � � � � ➥ ➡ �
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f(x) =
sinx

x �� ��

x < 0 →: -2.0 f(x) →: 0.45

x > 0 →:2.0 f(x) →: 0.45

�� ��

x < 0 →: -1.97 f(x) →: 0.47

x > 0 →:1.97 f(x) →: 0.47

�� ��

x < 0 →: -1.94 f(x) →: 0.48

x > 0 →:1.94 f(x) →: 0.48

�� ��

x < 0 →: -1.92 f(x) →: 0.49

x > 0 →:1.92 f(x) →: 0.49

�� ��

x < 0 →: -1.89 f(x) →: 0.5

x > 0 →:1.89 f(x) →: 0.5

�� ��

x < 0 →: -1.86 f(x) →: 0.51

x > 0 →:1.86 f(x) →: 0.51

�� ��

x < 0 →: -1.83 f(x) →: 0.53

x > 0 →:1.83 f(x) →: 0.53

�� ��

x < 0 →: -1.81 f(x) →: 0.54

x > 0 →:1.81 f(x) →: 0.54

�� ��

x < 0 →: -1.78 f(x) →: 0.55

x > 0 →:1.78 f(x) →: 0.55

�� ��

x < 0 →: -1.75 f(x) →: 0.56

x > 0 →:1.75 f(x) →: 0.56

�� ��

x < 0 →: -1.72 f(x) →: 0.57

x > 0 →:1.72 f(x) →: 0.57

�� ��

x < 0 →: -1.69 f(x) →: 0.59

x > 0 →:1.69 f(x) →: 0.59

�� ��

x < 0 →: -1.67 f(x) →: 0.6

x > 0 →:1.67 f(x) →: 0.6

�� ��

x < 0 →: -1.64 f(x) →: 0.61

x > 0 →:1.64 f(x) →: 0.61

�� ��

x < 0 →: -1.61 f(x) →: 0.62

x > 0 →:1.61 f(x) →: 0.62

�� ��

x < 0 →: -1.58 f(x) →: 0.63

x > 0 →:1.58 f(x) →: 0.63

�� ��

x < 0 →: -1.56 f(x) →: 0.64

x > 0 →:1.56 f(x) →: 0.64

�� ��

x < 0 →: -1.53 f(x) →: 0.65

x > 0 →:1.53 f(x) →: 0.65

�� ��

x < 0 →: -1.5 f(x) →: 0.66

x > 0 →:1.5 f(x) →: 0.66

�� ��

x < 0 →: -1.47 f(x) →: 0.68

x > 0 →:1.47 f(x) →: 0.68

�� ��

x < 0 →: -1.44 f(x) →: 0.69

x > 0 →:1.44 f(x) →: 0.69

�� ��

x < 0 →: -1.42 f(x) →: 0.7

x > 0 →:1.42 f(x) →: 0.7

�� ��

x < 0 →: -1.39 f(x) →: 0.71

x > 0 →:1.39 f(x) →: 0.71

�� ��

x < 0 →: -1.36 f(x) →: 0.72

x > 0 →:1.36 f(x) →: 0.72

�� ��

x < 0 →: -1.33 f(x) →: 0.73

x > 0 →:1.33 f(x) →: 0.73

�� ��

x < 0 →: -1.31 f(x) →: 0.74

x > 0 →:1.31 f(x) →: 0.74

�� ��

x < 0 →: -1.28 f(x) →: 0.75

x > 0 →:1.28 f(x) →: 0.75

�� ��

x < 0 →: -1.25 f(x) →: 0.76

x > 0 →:1.25 f(x) →: 0.76

�� ��

x < 0 →: -1.22 f(x) →: 0.77

x > 0 →:1.22 f(x) →: 0.77

�� ��

x < 0 →: -1.19 f(x) →: 0.78

x > 0 →:1.19 f(x) →: 0.78

�� ��

x < 0 →: -1.17 f(x) →: 0.79

x > 0 →:1.17 f(x) →: 0.79

�� ��

x < 0 →: -1.14 f(x) →: 0.8

x > 0 →:1.14 f(x) →: 0.8

�� ��

x < 0 →: -1.11 f(x) →: 0.81

x > 0 →:1.11 f(x) →: 0.81

�� ��

x < 0 →: -1.08 f(x) →: 0.82

x > 0 →:1.08 f(x) →: 0.82

�� ��

x < 0 →: -1.06 f(x) →: 0.82

x > 0 →:1.06 f(x) →: 0.82

�� ��

x < 0 →: -1.03 f(x) →: 0.83

x > 0 →:1.03 f(x) →: 0.83

�� ��

x < 0 →: -1.0 f(x) →: 0.84

x > 0 →:1.0 f(x) →: 0.84

�� ��

x < 0 →: -0.97 f(x) →: 0.85

x > 0 →:0.97 f(x) →: 0.85

�� ��

x < 0 →: -0.94 f(x) →: 0.86

x > 0 →:0.94 f(x) →: 0.86
�� ��

x < 0 →: -0.92 f(x) →: 0.87

x > 0 →:0.92 f(x) →: 0.87
�� ��

x < 0 →: -0.89 f(x) →: 0.87

x > 0 →:0.89 f(x) →: 0.87
�� ��

x < 0 →: -0.86 f(x) →: 0.88

x > 0 →:0.86 f(x) →: 0.88
�� ��

x < 0 →: -0.83 f(x) →: 0.89

x > 0 →:0.83 f(x) →: 0.89
�� ��

x < 0 →: -0.81 f(x) →: 0.9

x > 0 →:0.81 f(x) →: 0.9
�� ��

x < 0 →: -0.78 f(x) →: 0.9

x > 0 →:0.78 f(x) →: 0.9
�� ��

x < 0 →: -0.75 f(x) →: 0.91

x > 0 →:0.75 f(x) →: 0.91
�� ��

x < 0 →: -0.72 f(x) →: 0.92

x > 0 →:0.72 f(x) →: 0.92
�� ��

x < 0 →: -0.69 f(x) →: 0.92

x > 0 →:0.69 f(x) →: 0.92
�� ��

x < 0 →: -0.67 f(x) →: 0.93

x > 0 →:0.67 f(x) →: 0.93
�� ��

x < 0 →: -0.64 f(x) →: 0.93

x > 0 →:0.64 f(x) →: 0.93
�� ��

x < 0 →: -0.61 f(x) →: 0.94

x > 0 →:0.61 f(x) →: 0.94
�� ��

x < 0 →: -0.58 f(x) →: 0.94

x > 0 →:0.58 f(x) →: 0.94
�� ��

x < 0 →: -0.56 f(x) →: 0.95

x > 0 →:0.56 f(x) →: 0.95
�� ��

x < 0 →: -0.53 f(x) →: 0.95

x > 0 →:0.53 f(x) →: 0.95
�� ��

x < 0 →: -0.5 f(x) →: 0.96

x > 0 →:0.5 f(x) →: 0.96
�� ��

x < 0 →: -0.47 f(x) →: 0.96

x > 0 →:0.47 f(x) →: 0.96
�� ��

x < 0 →: -0.44 f(x) →: 0.97

x > 0 →:0.44 f(x) →: 0.97
�� ��

x < 0 →: -0.42 f(x) →: 0.97

x > 0 →:0.42 f(x) →: 0.97
�� ��

x < 0 →: -0.39 f(x) →: 0.97

x > 0 →:0.39 f(x) →: 0.97
�� ��

x < 0 →: -0.36 f(x) →: 0.98

x > 0 →:0.36 f(x) →: 0.98
�� ��

x < 0 →: -0.33 f(x) →: 0.98

x > 0 →:0.33 f(x) →: 0.98
�� ��

x < 0 →: -0.31 f(x) →: 0.98

x > 0 →:0.31 f(x) →: 0.98
�� ��

x < 0 →: -0.28 f(x) →: 0.99

x > 0 →:0.28 f(x) →: 0.99
�� ��

x < 0 →: -0.25 f(x) →: 0.99

x > 0 →:0.25 f(x) →: 0.99
�� ��

x < 0 →: -0.22 f(x) →: 0.99

x > 0 →:0.22 f(x) →: 0.99
�� ��

x < 0 →: -0.19 f(x) →: 0.99

x > 0 →:0.19 f(x) →: 0.99
�� ��

x < 0 →: -0.17 f(x) →: 1.0

x > 0 →:0.17 f(x) →: 1.0
�� ��

x < 0 →: -0.14 f(x) →: 1.0

x > 0 →:0.14 f(x) →: 1.0
�� ��

x < 0 →: -0.11 f(x) →: 1.0

x > 0 →:0.11 f(x) →: 1.0
�� ��

x < 0 →: -0.08 f(x) →: 1.0

x > 0 →:0.08 f(x) →: 1.0
�� ��

x < 0 →: -0.06 f(x) →: 1.0

x > 0 →:0.06 f(x) →: 1.0
�� ��

x < 0 →: -0.03 f(x) →: 1.0

x > 0 →:0.03 f(x) →: 1.0
����

lim
x→0−

f(x) = 1

lim
x→0+

f(x) = 1
1
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f(x) =
1− cosx

x

��

��

x < 0 →: -2.0 f(x) →: -0.71

x > 0 →:2.0 f(x) →: 0.71

��

��

x < 0 →: -1.97 f(x) →: -0.71

x > 0 →:1.97 f(x) →: 0.71

��

��

x < 0 →: -1.94 f(x) →: -0.7

x > 0 →:1.94 f(x) →: 0.7

��

��

x < 0 →: -1.92 f(x) →: -0.7

x > 0 →:1.92 f(x) →: 0.7

��

��

x < 0 →: -1.89 f(x) →: -0.69

x > 0 →:1.89 f(x) →: 0.69

��

��

x < 0 →: -1.86 f(x) →: -0.69

x > 0 →:1.86 f(x) →: 0.69

��

��

x < 0 →: -1.83 f(x) →: -0.69

x > 0 →:1.83 f(x) →: 0.69

��

��

x < 0 →: -1.81 f(x) →: -0.68

x > 0 →:1.81 f(x) →: 0.68

��

��

x < 0 →: -1.78 f(x) →: -0.68

x > 0 →:1.78 f(x) →: 0.68

��

��

x < 0 →: -1.75 f(x) →: -0.67

x > 0 →:1.75 f(x) →: 0.67

��

��

x < 0 →: -1.72 f(x) →: -0.67

x > 0 →:1.72 f(x) →: 0.67

��

��

x < 0 →: -1.69 f(x) →: -0.66

x > 0 →:1.69 f(x) →: 0.66

��

��

x < 0 →: -1.67 f(x) →: -0.66

x > 0 →:1.67 f(x) →: 0.66

��

��

x < 0 →: -1.64 f(x) →: -0.65

x > 0 →:1.64 f(x) →: 0.65

��

��

x < 0 →: -1.61 f(x) →: -0.65

x > 0 →:1.61 f(x) →: 0.65

��

��

x < 0 →: -1.58 f(x) →: -0.64

x > 0 →:1.58 f(x) →: 0.64

��

��

x < 0 →: -1.56 f(x) →: -0.63

x > 0 →:1.56 f(x) →: 0.63

��

��

x < 0 →: -1.53 f(x) →: -0.63

x > 0 →:1.53 f(x) →: 0.63

��

��

x < 0 →: -1.5 f(x) →: -0.62

x > 0 →:1.5 f(x) →: 0.62

��

��

x < 0 →: -1.47 f(x) →: -0.61

x > 0 →:1.47 f(x) →: 0.61

��

��

x < 0 →: -1.44 f(x) →: -0.61

x > 0 →:1.44 f(x) →: 0.61

��

��

x < 0 →: -1.42 f(x) →: -0.6

x > 0 →:1.42 f(x) →: 0.6

��

��

x < 0 →: -1.39 f(x) →: -0.59

x > 0 →:1.39 f(x) →: 0.59

��

��

x < 0 →: -1.36 f(x) →: -0.58

x > 0 →:1.36 f(x) →: 0.58

��

��

x < 0 →: -1.33 f(x) →: -0.57

x > 0 →:1.33 f(x) →: 0.57

��

��

x < 0 →: -1.31 f(x) →: -0.57

x > 0 →:1.31 f(x) →: 0.57

��

��

x < 0 →: -1.28 f(x) →: -0.56

x > 0 →:1.28 f(x) →: 0.56

��

��

x < 0 →: -1.25 f(x) →: -0.55

x > 0 →:1.25 f(x) →: 0.55

��

��

x < 0 →: -1.22 f(x) →: -0.54

x > 0 →:1.22 f(x) →: 0.54

��

��

x < 0 →: -1.19 f(x) →: -0.53

x > 0 →:1.19 f(x) →: 0.53

��

��

x < 0 →: -1.17 f(x) →: -0.52

x > 0 →:1.17 f(x) →: 0.52

��

��

x < 0 →: -1.14 f(x) →: -0.51

x > 0 →:1.14 f(x) →: 0.51

��

��

x < 0 →: -1.11 f(x) →: -0.5

x > 0 →:1.11 f(x) →: 0.5

��

��

x < 0 →: -1.08 f(x) →: -0.49

x > 0 →:1.08 f(x) →: 0.49

��

��

x < 0 →: -1.06 f(x) →: -0.48

x > 0 →:1.06 f(x) →: 0.48

��

��

x < 0 →: -1.03 f(x) →: -0.47

x > 0 →:1.03 f(x) →: 0.47

��

��

x < 0 →: -1.0 f(x) →: -0.46

x > 0 →:1.0 f(x) →: 0.46

��

��

x < 0 →: -0.97 f(x) →: -0.45

x > 0 →:0.97 f(x) →: 0.45

��

��

x < 0 →: -0.94 f(x) →: -0.44

x > 0 →:0.94 f(x) →: 0.44

��

��

x < 0 →: -0.92 f(x) →: -0.43

x > 0 →:0.92 f(x) →: 0.43

��

��

x < 0 →: -0.89 f(x) →: -0.42

x > 0 →:0.89 f(x) →: 0.42

��

��

x < 0 →: -0.86 f(x) →: -0.4

x > 0 →:0.86 f(x) →: 0.4

��

��

x < 0 →: -0.83 f(x) →: -0.39

x > 0 →:0.83 f(x) →: 0.39

��

��

x < 0 →: -0.81 f(x) →: -0.38

x > 0 →:0.81 f(x) →: 0.38

��

��

x < 0 →: -0.78 f(x) →: -0.37

x > 0 →:0.78 f(x) →: 0.37

��

��

x < 0 →: -0.75 f(x) →: -0.36

x > 0 →:0.75 f(x) →: 0.36

��

��

x < 0 →: -0.72 f(x) →: -0.35

x > 0 →:0.72 f(x) →: 0.35

��

��

x < 0 →: -0.69 f(x) →: -0.33

x > 0 →:0.69 f(x) →: 0.33

��

��

x < 0 →: -0.67 f(x) →: -0.32

x > 0 →:0.67 f(x) →: 0.32

��

��

x < 0 →: -0.64 f(x) →: -0.31

x > 0 →:0.64 f(x) →: 0.31

��

��

x < 0 →: -0.61 f(x) →: -0.3

x > 0 →:0.61 f(x) →: 0.3

��

��

x < 0 →: -0.58 f(x) →: -0.28

x > 0 →:0.58 f(x) →: 0.28

��

��

x < 0 →: -0.56 f(x) →: -0.27

x > 0 →:0.56 f(x) →: 0.27

��

��

x < 0 →: -0.53 f(x) →: -0.26

x > 0 →:0.53 f(x) →: 0.26

��

��

x < 0 →: -0.5 f(x) →: -0.24

x > 0 →:0.5 f(x) →: 0.24

��

��

x < 0 →: -0.47 f(x) →: -0.23

x > 0 →:0.47 f(x) →: 0.23

��

��

x < 0 →: -0.44 f(x) →: -0.22

x > 0 →:0.44 f(x) →: 0.22

��

��

x < 0 →: -0.42 f(x) →: -0.21

x > 0 →:0.42 f(x) →: 0.21

��

��

x < 0 →: -0.39 f(x) →: -0.19

x > 0 →:0.39 f(x) →: 0.19

��

��

x < 0 →: -0.36 f(x) →: -0.18

x > 0 →:0.36 f(x) →: 0.18

��

��

x < 0 →: -0.33 f(x) →: -0.17

x > 0 →:0.33 f(x) →: 0.17

��

��

x < 0 →: -0.31 f(x) →: -0.15

x > 0 →:0.31 f(x) →: 0.15

��

��

x < 0 →: -0.28 f(x) →: -0.14

x > 0 →:0.28 f(x) →: 0.14

��

��

x < 0 →: -0.25 f(x) →: -0.12

x > 0 →:0.25 f(x) →: 0.12

��

��

x < 0 →: -0.22 f(x) →: -0.11

x > 0 →:0.22 f(x) →: 0.11

��

��

x < 0 →: -0.19 f(x) →: -0.1

x > 0 →:0.19 f(x) →: 0.1

��
��

x < 0 →: -0.17 f(x) →: -0.08

x > 0 →:0.17 f(x) →: 0.08

��
��

x < 0 →: -0.14 f(x) →: -0.07

x > 0 →:0.14 f(x) →: 0.07

��
��

x < 0 →: -0.11 f(x) →: -0.06

x > 0 →:0.11 f(x) →: 0.06

��
��

x < 0 →: -0.08 f(x) →: -0.04

x > 0 →:0.08 f(x) →: 0.04

�� ��

x < 0 →: -0.06 f(x) →: -0.03

x > 0 →:0.06 f(x) →: 0.03

�� ��

x < 0 →: -0.03 f(x) →: -0.01

x > 0 →:0.03 f(x) →: 0.01

����

lim
x→0−

f(x) = 0

lim
x→0+

f(x) = 0
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Example 1. Evaluate the following limits

1. lim
x→0

sin (3x)

x
2. lim

x→0

sin3

x3

Solution:

1. Direct substation will give us I.F. type 0/0. The idea is to multiply and divide by 3, which
will make the denominator the same as the argument of the sine function;

lim
x→0

sin (3x)

x
= lim

x→0

3sin (3x)

3x
Multiply up and down by 3 to make the denominator the same as the angle

= 3 lim
x→0

sin (3x)

3x
Factor 3 and use the fact lim

x→0

sin (3x)

3x
= 1

= 3(1) = 3.

2. Direct substation will give us I.F. type 0/0. Remember that
sin3 x

x3
=

(
sin x

x

)3

. Now,

lim
x→0

sin3 x

x3
= lim

x→0

(
sin x

x

)3

Use the power law

=

(
lim
x→0

sin x

x

)3

= (1)3 = 1.

�

❘ ➡ ➡ ➦ � � � � ➥ ➡ �
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Example 2. Evaluate the following limits lim
x→0

tan x

x

Solution: Direct substation will give us I.F. type 0/0. To solve this rewrite tan x =
sin x

cos x
and we

will get

lim
x→0

tan x

x
= lim

x→0

sin x

cos x
x

Use the fact tan x =
sinx

cos x

= lim
x→0

sin x

x cosx
Use the fact

a

b
c

=
a

bc

= lim
x→0

[
sin x

x

1

cos x

]
Use the product law

=

(
lim
x→0

sin x

x

)(
lim
x→0

1

cos x

)
Use the fact lim

x→0

sinx

x
= 1 and direct substation.

= (1)

(
1

cos 0

)
= 1

�

❘ ➡ ➡ ➦ � � � � ➥ ➡ �
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Example 3. Evaluate the following limits lim
x→0

sin (3x)

sin (4x)

Solution: Direct substation will give us I.F. type 0/0. Divide by x and use the same technique

lim
x→0

sin (4x)

sin (4x)
= lim

x→0

sin (3x)

x
sin (4x)

x

Use the fact
b

c
=

b
a
c
a

and divide by x

= lim
x→0

3 sin (3x)

3x
4 sin (4x)

4x

Use multiplication to make the denominator of the top

and the bottom the same as the angle each one.

=
4 lim

x→0

sin (3x)

3x

4 lim
x→0

sin (4x)

4x

Use the quotient law.

=
3(1)

4(1)
=

3

4
.

�
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Differentiation of Trigonometric Functions

Theorem 3.2: [Differentiation of Trigonometric Functions]

1.
d

dx
[sinx] = cosx❍? 2.

d

dx
[cosx] = − sinx❍?

3.
d

dx
[tanx] = sec2 x 4.

d

dx
[cotx] = − csc2 x

5.
d

dx
[secx] = secx tanx 6.

d

dx
[cscx] = − cscx cotx

Example 4. Find the derivative of the following y = sinx cosx

Solution:

y = sinx cosx Use the fact (fg)′ = fg′ + f ′g

y′ = sinx(cos x)′ + (sinx)′ cosx
y′ = sinx(− sinx) + cosx cosx

y′ = − sin2 x+ cos2 x

�

❘ ➡ ➡ ➦ � � � � ➥ ➡ �

1

-1

π

2
π

3π

2
2π

−π

2
-π

−3π

2
-2π

x

yy = cosx y = sinx

Slope of the Tangent = f ′(x) = 1.0

Intersection with y-axes: 6.28

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) 1.0

x -6.28

0.0 x+ 6.28

f
′
(x) =1.0

Slope of the Tangent = f ′(x) = 0.98

Intersection with y-axes: 6.19

Equation of the tangent: y =

y = f(x) 0.17

y = f ′(x) 0.98

x -6.11

0.17 x+ 6.19

f
′
(x) =0.98

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: 5.92

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) 0.94

x -5.93

0.34 x+ 5.92

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: 5.49

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) 0.87

x -5.76

0.5 x+ 5.49

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.77

Intersection with y-axes: 4.92

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) 0.77

x -5.58

0.64 x+ 4.92

f
′
(x) =0.77

Slope of the Tangent = f ′(x) = 0.64

Intersection with y-axes: 4.24

Equation of the tangent: y =

y = f(x) 0.77

y = f ′(x) 0.64

x -5.41

0.77 x+ 4.24

f
′
(x) =0.64

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: 3.48

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) 0.5

x -5.24

0.87 x+ 3.48

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: 2.67

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) 0.34

x -5.06

0.94 x+ 2.67

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.17

Intersection with y-axes: 1.83

Equation of the tangent: y =

y = f(x) 0.98

y = f ′(x) 0.17

x -4.89

0.98 x+ 1.83

f
′
(x) =0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: 1.0

Equation of the tangent: y =

y = f(x) 1.0

y = f ′(x) 0.0

x -4.71

1.0 x+ 1.0

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = -0.17

Intersection with y-axes: 0.19

Equation of the tangent: y =

y = f(x) 0.98

y = f ′(x) -0.17

x -4.54

0.98 x+ 0.19

f
′
(x) =-0.17

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: -0.55

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) -0.34

x -4.36

0.94 x+ -0.55

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: -1.23

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) -0.5

x -4.19

0.87 x+ -1.23

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: -1.82

Equation of the tangent: y =

y = f(x) 0.77

y = f ′(x) -0.64

x -4.01

0.77 x+ -1.82

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.77

Intersection with y-axes: -2.3

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) -0.77

x -3.84

0.64 x+ -2.3

f
′
(x) =-0.77

Slope of the Tangent = f ′(x) = -0.87

Intersection with y-axes: -2.68

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) -0.87

x -3.66

0.5 x+ -2.68

f
′
(x) =-0.87

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: -2.94

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) -0.94

x -3.49

0.34 x+ -2.94

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.98

Intersection with y-axes: -3.09

Equation of the tangent: y =

y = f(x) 0.17

y = f ′(x) -0.98

x -3.32

0.17 x+ -3.09

f
′
(x) =-0.98

Slope of the Tangent = f ′(x) = -1.0

Intersection with y-axes: -3.14

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) -1.0

x -3.14

0.0 x+ -3.14

f
′
(x) =-1.0

Slope of the Tangent = f ′(x) = -0.98

Intersection with y-axes: -3.1

Equation of the tangent: y =

y = f(x) -0.17

y = f ′(x) -0.98

x -2.97

-0.17x+ -3.1

f
′
(x) =-0.98

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: -2.97

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) -0.94

x -2.79

-0.34x+ -2.97

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.87

Intersection with y-axes: -2.77

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) -0.87

x -2.62

-0.5 x+ -2.77

f
′
(x) =-0.87

Slope of the Tangent = f ′(x) = -0.77

Intersection with y-axes: -2.51

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) -0.77

x -2.44

-0.64x+ -2.51

f
′
(x) =-0.77

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: -2.22

Equation of the tangent: y =

y = f(x) -0.77

y = f ′(x) -0.64

x -2.27

-0.77x+ -2.22

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: -1.91

Equation of the tangent: y =

y = f(x) -0.87

y = f ′(x) -0.5

x -2.09

-0.87x+ -1.91

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: -1.59

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) -0.34

x -1.92

-0.94x+ -1.59

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.17

Intersection with y-axes: -1.29

Equation of the tangent: y =

y = f(x) -0.99

y = f ′(x) -0.17

x -1.74

-0.99x+ -1.29

f
′
(x) =-0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: -1.0

Equation of the tangent: y =

y = f(x) -1.0

y = f ′(x) 0.0

x -1.57

-1.0 x+ -1.0

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = 0.18

Intersection with y-axes: -0.74

Equation of the tangent: y =

y = f(x) -0.98

y = f ′(x) 0.18

x -1.39

-0.98x+ -0.74

f
′
(x) =0.18

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: -0.52

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) 0.34

x -1.22

-0.94x+ -0.52

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: -0.34

Equation of the tangent: y =

y = f(x) -0.87

y = f ′(x) 0.5

x -1.05

-0.87x+ -0.34

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.64

Intersection with y-axes: -0.2

Equation of the tangent: y =

y = f(x) -0.77

y = f ′(x) 0.64

x -0.87

-0.77x+ -0.2

f
′
(x) =0.64

Slope of the Tangent = f ′(x) = 0.77

Intersection with y-axes: -0.11

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) 0.77

x -0.7

-0.64x+ -0.11

f
′
(x) =0.77

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: -0.05

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) 0.87

x -0.52

-0.5 x+ -0.05

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: -0.01

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) 0.94

x -0.35

-0.34x+ -0.01

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.99

Intersection with y-axes: 0.0

Equation of the tangent: y =

y = f(x) -0.17

y = f ′(x) 0.99

x -0.17

-0.17x+ 0.0

f
′
(x) =0.99

Slope of the Tangent = f ′(x) = 1.0

Intersection with y-axes: 0.0

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) 1.0

x 0.0

0.0 x+ 0.0

f
′
(x) =1.0

Slope of the Tangent = f ′(x) = 0.98

Intersection with y-axes: 0.0

Equation of the tangent: y =

y = f(x) 0.18

y = f ′(x) 0.98

x 0.18

0.18 x+ 0.0

f
′
(x) =0.98

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: 0.01

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) 0.94

x 0.35

0.34 x+ 0.01

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: 0.05

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) 0.87

x 0.53

0.5 x+ 0.05

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.76

Intersection with y-axes: 0.11

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) 0.76

x 0.7

0.64 x+ 0.11

f
′
(x) =0.76

Slope of the Tangent = f ′(x) = 0.64

Intersection with y-axes: 0.21

Equation of the tangent: y =

y = f(x) 0.77

y = f ′(x) 0.64

x 0.87

0.77 x+ 0.21

f
′
(x) =0.64

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: 0.34

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) 0.5

x 1.05

0.87 x+ 0.34

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: 0.52

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) 0.34

x 1.22

0.94 x+ 0.52

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.17

Intersection with y-axes: 0.75

Equation of the tangent: y =

y = f(x) 0.99

y = f ′(x) 0.17

x 1.4

0.99 x+ 0.75

f
′
(x) =0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: 1.0

Equation of the tangent: y =

y = f(x) 1.0

y = f ′(x) 0.0

x 1.57

1.0 x+ 1.0

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = -0.18

Intersection with y-axes: 1.29

Equation of the tangent: y =

y = f(x) 0.98

y = f ′(x) -0.18

x 1.75

0.98 x+ 1.29

f
′
(x) =-0.18

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: 1.6

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) -0.34

x 1.92

0.94 x+ 1.6

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: 1.92

Equation of the tangent: y =

y = f(x) 0.86

y = f ′(x) -0.5

x 2.1

0.86 x+ 1.92

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: 2.23

Equation of the tangent: y =

y = f(x) 0.76

y = f ′(x) -0.64

x 2.27

0.76 x+ 2.23

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.77

Intersection with y-axes: 2.52

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) -0.77

x 2.45

0.64 x+ 2.52

f
′
(x) =-0.77

Slope of the Tangent = f ′(x) = -0.87

Intersection with y-axes: 2.77

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) -0.87

x 2.62

0.5 x+ 2.77

f
′
(x) =-0.87

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: 2.97

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) -0.94

x 2.8

0.34 x+ 2.97

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.99

Intersection with y-axes: 3.1

Equation of the tangent: y =

y = f(x) 0.17

y = f ′(x) -0.99

x 2.97

0.17 x+ 3.1

f
′
(x) =-0.99

Slope of the Tangent = f ′(x) = -1.0

Intersection with y-axes: 3.14

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) -1.0

x 3.14

0.0 x+ 3.14

f
′
(x) =-1.0

Slope of the Tangent = f ′(x) = -0.98

Intersection with y-axes: 3.09

Equation of the tangent: y =

y = f(x) -0.18

y = f ′(x) -0.98

x 3.32

-0.18x+ 3.09

f
′
(x) =-0.98

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: 2.93

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) -0.94

x 3.49

-0.34x+ 2.93

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.86

Intersection with y-axes: 2.67

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) -0.86

x 3.67

-0.5 x+ 2.67

f
′
(x) =-0.86

Slope of the Tangent = f ′(x) = -0.76

Intersection with y-axes: 2.29

Equation of the tangent: y =

y = f(x) -0.65

y = f ′(x) -0.76

x 3.84

-0.65x+ 2.29

f
′
(x) =-0.76

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: 1.81

Equation of the tangent: y =

y = f(x) -0.77

y = f ′(x) -0.64

x 4.02

-0.77x+ 1.81

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: 1.22

Equation of the tangent: y =

y = f(x) -0.87

y = f ′(x) -0.5

x 4.19

-0.87x+ 1.22

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: 0.54

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) -0.34

x 4.37

-0.94x+ 0.54

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.17

Intersection with y-axes: -0.21

Equation of the tangent: y =

y = f(x) -0.99

y = f ′(x) -0.17

x 4.54

-0.99x+ -0.21

f
′
(x) =-0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: -1.01

Equation of the tangent: y =

y = f(x) -1.0

y = f ′(x) 0.0

x 4.72

-1.0 x+ -1.01

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = 0.18

Intersection with y-axes: -1.85

Equation of the tangent: y =

y = f(x) -0.98

y = f ′(x) 0.18

x 4.89

-0.98x+ -1.85

f
′
(x) =0.18

Slope of the Tangent = f ′(x) = 0.35

Intersection with y-axes: -2.69

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) 0.35

x 5.06

-0.94x+ -2.69

f
′
(x) =0.35

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: -3.5

Equation of the tangent: y =

y = f(x) -0.86

y = f ′(x) 0.5

x 5.24

-0.86x+ -3.5

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.65

Intersection with y-axes: -4.26

Equation of the tangent: y =

y = f(x) -0.76

y = f ′(x) 0.65

x 5.41

-0.76x+ -4.26

f
′
(x) =0.65

Slope of the Tangent = f ′(x) = 0.77

Intersection with y-axes: -4.93

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) 0.77

x 5.59

-0.64x+ -4.93

f
′
(x) =0.77

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: -5.5

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) 0.87

x 5.76

-0.5 x+ -5.5

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: -5.93

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) 0.94

x 5.94

-0.34x+ -5.93

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.99

Intersection with y-axes: -6.19

Equation of the tangent: y =

y = f(x) -0.17

y = f ′(x) 0.99

x 6.11

-0.17x+ -6.19

f
′
(x) =0.99

Slope of the Tangent = f ′(x) = 1.0

Intersection with y-axes: -6.28

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) 1.0

x 6.29

0.0 x+ -6.28

f
′
(x) =1.0

1

-1

π

2
π

3π

2
2π

−π

2
-π

−3π

2
-2π

x

yy = − sin x y = cos x

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: 1.0

Equation of the tangent: y =

y = f(x) 1.0

y = f ′(x) 0.0

x -6.28

1.0 x+ 1.0

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = -0.17

Intersection with y-axes: -0.08

Equation of the tangent: y =

y = f(x) 0.98

y = f ′(x) -0.17

x -6.11

0.98 x+ -0.08

f
′
(x) =-0.17

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: -1.09

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) -0.34

x -5.93

0.94 x+ -1.09

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: -2.01

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) -0.5

x -5.76

0.87 x+ -2.01

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: -2.82

Equation of the tangent: y =

y = f(x) 0.77

y = f ′(x) -0.64

x -5.58

0.77 x+ -2.82

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.77

Intersection with y-axes: -3.5

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) -0.77

x -5.41

0.64 x+ -3.5

f
′
(x) =-0.77

Slope of the Tangent = f ′(x) = -0.87

Intersection with y-axes: -4.04

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) -0.87

x -5.24

0.5 x+ -4.04

f
′
(x) =-0.87

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: -4.41

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) -0.94

x -5.06

0.34 x+ -4.41

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.98

Intersection with y-axes: -4.64

Equation of the tangent: y =

y = f(x) 0.17

y = f ′(x) -0.98

x -4.89

0.17 x+ -4.64

f
′
(x) =-0.98

Slope of the Tangent = f ′(x) = -1.0

Intersection with y-axes: -4.71

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) -1.0

x -4.71

0.0 x+ -4.71

f
′
(x) =-1.0

Slope of the Tangent = f ′(x) = -0.98

Intersection with y-axes: -4.64

Equation of the tangent: y =

y = f(x) -0.17

y = f ′(x) -0.98

x -4.54

-0.17x+ -4.64

f
′
(x) =-0.98

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: -4.44

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) -0.94

x -4.36

-0.34x+ -4.44

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.87

Intersection with y-axes: -4.13

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) -0.87

x -4.19

-0.5 x+ -4.13

f
′
(x) =-0.87

Slope of the Tangent = f ′(x) = -0.77

Intersection with y-axes: -3.72

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) -0.77

x -4.01

-0.64x+ -3.72

f
′
(x) =-0.77

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: -3.23

Equation of the tangent: y =

y = f(x) -0.77

y = f ′(x) -0.64

x -3.84

-0.77x+ -3.23

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: -2.7

Equation of the tangent: y =

y = f(x) -0.87

y = f ′(x) -0.5

x -3.66

-0.87x+ -2.7

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: -2.13

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) -0.34

x -3.49

-0.94x+ -2.13

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.17

Intersection with y-axes: -1.56

Equation of the tangent: y =

y = f(x) -0.98

y = f ′(x) -0.17

x -3.32

-0.98x+ -1.56

f
′
(x) =-0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: -1.0

Equation of the tangent: y =

y = f(x) -1.0

y = f ′(x) 0.0

x -3.14

-1.0 x+ -1.0

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = 0.17

Intersection with y-axes: -0.47

Equation of the tangent: y =

y = f(x) -0.98

y = f ′(x) 0.17

x -2.97

-0.98x+ -0.47

f
′
(x) =0.17

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: 0.02

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) 0.34

x -2.79

-0.94x+ 0.02

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: 0.45

Equation of the tangent: y =

y = f(x) -0.87

y = f ′(x) 0.5

x -2.62

-0.87x+ 0.45

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.64

Intersection with y-axes: 0.81

Equation of the tangent: y =

y = f(x) -0.77

y = f ′(x) 0.64

x -2.44

-0.77x+ 0.81

f
′
(x) =0.64

Slope of the Tangent = f ′(x) = 0.77

Intersection with y-axes: 1.1

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) 0.77

x -2.27

-0.64x+ 1.1

f
′
(x) =0.77

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: 1.32

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) 0.87

x -2.09

-0.5 x+ 1.32

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: 1.46

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) 0.94

x -1.92

-0.34x+ 1.46

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.99

Intersection with y-axes: 1.55

Equation of the tangent: y =

y = f(x) -0.17

y = f ′(x) 0.99

x -1.74

-0.17x+ 1.55

f
′
(x) =0.99

Slope of the Tangent = f ′(x) = 1.0

Intersection with y-axes: 1.57

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) 1.0

x -1.57

0.0 x+ 1.57

f
′
(x) =1.0

Slope of the Tangent = f ′(x) = 0.98

Intersection with y-axes: 1.55

Equation of the tangent: y =

y = f(x) 0.18

y = f ′(x) 0.98

x -1.39

0.18 x+ 1.55

f
′
(x) =0.98

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: 1.49

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) 0.94

x -1.22

0.34 x+ 1.49

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: 1.41

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) 0.87

x -1.05

0.5 x+ 1.41

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.77

Intersection with y-axes: 1.31

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) 0.77

x -0.87

0.64 x+ 1.31

f
′
(x) =0.77

Slope of the Tangent = f ′(x) = 0.64

Intersection with y-axes: 1.21

Equation of the tangent: y =

y = f(x) 0.77

y = f ′(x) 0.64

x -0.7

0.77 x+ 1.21

f
′
(x) =0.64

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: 1.13

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) 0.5

x -0.52

0.87 x+ 1.13

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: 1.06

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) 0.34

x -0.35

0.94 x+ 1.06

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.17

Intersection with y-axes: 1.01

Equation of the tangent: y =

y = f(x) 0.99

y = f ′(x) 0.17

x -0.17

0.99 x+ 1.01

f
′
(x) =0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: 1.0

Equation of the tangent: y =

y = f(x) 1.0

y = f ′(x) 0.0

x 0.0

1.0 x+ 1.0

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = -0.18

Intersection with y-axes: 1.02

Equation of the tangent: y =

y = f(x) 0.98

y = f ′(x) -0.18

x 0.18

0.98 x+ 1.02

f
′
(x) =-0.18

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: 1.06

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) -0.34

x 0.35

0.94 x+ 1.06

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: 1.13

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) -0.5

x 0.53

0.87 x+ 1.13

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: 1.22

Equation of the tangent: y =

y = f(x) 0.76

y = f ′(x) -0.64

x 0.7

0.76 x+ 1.22

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.77

Intersection with y-axes: 1.31

Equation of the tangent: y =

y = f(x) 0.64

y = f ′(x) -0.77

x 0.87

0.64 x+ 1.31

f
′
(x) =-0.77

Slope of the Tangent = f ′(x) = -0.87

Intersection with y-axes: 1.41

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) -0.87

x 1.05

0.5 x+ 1.41

f
′
(x) =-0.87

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: 1.49

Equation of the tangent: y =

y = f(x) 0.34

y = f ′(x) -0.94

x 1.22

0.34 x+ 1.49

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.99

Intersection with y-axes: 1.55

Equation of the tangent: y =

y = f(x) 0.17

y = f ′(x) -0.99

x 1.4

0.17 x+ 1.55

f
′
(x) =-0.99

Slope of the Tangent = f ′(x) = -1.0

Intersection with y-axes: 1.57

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) -1.0

x 1.57

0.0 x+ 1.57

f
′
(x) =-1.0

Slope of the Tangent = f ′(x) = -0.98

Intersection with y-axes: 1.54

Equation of the tangent: y =

y = f(x) -0.18

y = f ′(x) -0.98

x 1.75

-0.18x+ 1.54

f
′
(x) =-0.98

Slope of the Tangent = f ′(x) = -0.94

Intersection with y-axes: 1.46

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) -0.94

x 1.92

-0.34x+ 1.46

f
′
(x) =-0.94

Slope of the Tangent = f ′(x) = -0.86

Intersection with y-axes: 1.31

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) -0.86

x 2.1

-0.5 x+ 1.31

f
′
(x) =-0.86

Slope of the Tangent = f ′(x) = -0.76

Intersection with y-axes: 1.09

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) -0.76

x 2.27

-0.64x+ 1.09

f
′
(x) =-0.76

Slope of the Tangent = f ′(x) = -0.64

Intersection with y-axes: 0.8

Equation of the tangent: y =

y = f(x) -0.77

y = f ′(x) -0.64

x 2.45

-0.77x+ 0.8

f
′
(x) =-0.64

Slope of the Tangent = f ′(x) = -0.5

Intersection with y-axes: 0.44

Equation of the tangent: y =

y = f(x) -0.87

y = f ′(x) -0.5

x 2.62

-0.87x+ 0.44

f
′
(x) =-0.5

Slope of the Tangent = f ′(x) = -0.34

Intersection with y-axes: 0.01

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) -0.34

x 2.8

-0.94x+ 0.01

f
′
(x) =-0.34

Slope of the Tangent = f ′(x) = -0.17

Intersection with y-axes: -0.48

Equation of the tangent: y =

y = f(x) -0.99

y = f ′(x) -0.17

x 2.97

-0.99x+ -0.48

f
′
(x) =-0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: -1.01

Equation of the tangent: y =

y = f(x) -1.0

y = f ′(x) 0.0

x 3.14

-1.0 x+ -1.01

f
′
(x) =0.0

Slope of the Tangent = f ′(x) = 0.18

Intersection with y-axes: -1.57

Equation of the tangent: y =

y = f(x) -0.98

y = f ′(x) 0.18

x 3.32

-0.98x+ -1.57

f
′
(x) =0.18

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: -2.14

Equation of the tangent: y =

y = f(x) -0.94

y = f ′(x) 0.34

x 3.49

-0.94x+ -2.14

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: -2.71

Equation of the tangent: y =

y = f(x) -0.86

y = f ′(x) 0.5

x 3.67

-0.86x+ -2.71

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.65

Intersection with y-axes: -3.24

Equation of the tangent: y =

y = f(x) -0.76

y = f ′(x) 0.65

x 3.84

-0.76x+ -3.24

f
′
(x) =0.65

Slope of the Tangent = f ′(x) = 0.77

Intersection with y-axes: -3.73

Equation of the tangent: y =

y = f(x) -0.64

y = f ′(x) 0.77

x 4.02

-0.64x+ -3.73

f
′
(x) =0.77

Slope of the Tangent = f ′(x) = 0.87

Intersection with y-axes: -4.13

Equation of the tangent: y =

y = f(x) -0.5

y = f ′(x) 0.87

x 4.19

-0.5 x+ -4.13

f
′
(x) =0.87

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: -4.45

Equation of the tangent: y =

y = f(x) -0.34

y = f ′(x) 0.94

x 4.37

-0.34x+ -4.45

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.99

Intersection with y-axes: -4.65

Equation of the tangent: y =

y = f(x) -0.17

y = f ′(x) 0.99

x 4.54

-0.17x+ -4.65

f
′
(x) =0.99

Slope of the Tangent = f ′(x) = 1.0

Intersection with y-axes: -4.71

Equation of the tangent: y =

y = f(x) 0.0

y = f ′(x) 1.0

x 4.72

0.0 x+ -4.71

f
′
(x) =1.0

Slope of the Tangent = f ′(x) = 0.98

Intersection with y-axes: -4.64

Equation of the tangent: y =

y = f(x) 0.18

y = f ′(x) 0.98

x 4.89

0.18 x+ -4.64

f
′
(x) =0.98

Slope of the Tangent = f ′(x) = 0.94

Intersection with y-axes: -4.41

Equation of the tangent: y =

y = f(x) 0.35

y = f ′(x) 0.94

x 5.06

0.35 x+ -4.41

f
′
(x) =0.94

Slope of the Tangent = f ′(x) = 0.86

Intersection with y-axes: -4.03

Equation of the tangent: y =

y = f(x) 0.5

y = f ′(x) 0.86

x 5.24

0.5 x+ -4.03

f
′
(x) =0.86

Slope of the Tangent = f ′(x) = 0.76

Intersection with y-axes: -3.49

Equation of the tangent: y =

y = f(x) 0.65

y = f ′(x) 0.76

x 5.41

0.65 x+ -3.49

f
′
(x) =0.76

Slope of the Tangent = f ′(x) = 0.64

Intersection with y-axes: -2.81

Equation of the tangent: y =

y = f(x) 0.77

y = f ′(x) 0.64

x 5.59

0.77 x+ -2.81

f
′
(x) =0.64

Slope of the Tangent = f ′(x) = 0.5

Intersection with y-axes: -2.0

Equation of the tangent: y =

y = f(x) 0.87

y = f ′(x) 0.5

x 5.76

0.87 x+ -2.0

f
′
(x) =0.5

Slope of the Tangent = f ′(x) = 0.34

Intersection with y-axes: -1.07

Equation of the tangent: y =

y = f(x) 0.94

y = f ′(x) 0.34

x 5.94

0.94 x+ -1.07

f
′
(x) =0.34

Slope of the Tangent = f ′(x) = 0.17

Intersection with y-axes: -0.05

Equation of the tangent: y =

y = f(x) 0.99

y = f ′(x) 0.17

x 6.11

0.99 x+ -0.05

f
′
(x) =0.17

Slope of the Tangent = f ′(x) = 0.0

Intersection with y-axes: 1.02

Equation of the tangent: y =

y = f(x) 1.0

y = f ′(x) 0.0

x 6.29

1.0 x+ 1.02

f
′
(x) =0.0
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Example 5. Find the derivative of the following

1. f(x) = tanx+ x2 cotx 2. f(x) =
sinx

x
3. f(x) = secx tanx

Solution:

1.f ′(x) = (tanx)′ + (x2 cotx)′ Use the fact (f + g)′ = f ′ + g′

= sec2 x+ (2x) cotx+ x2(− csc2 x) Use the fact (fg)′ = f ′g + fg′

= sec2 x+ 2x cotx− x2 csc2 x

2.f ′(x) =
x(sinx)′ − (x)′ sinx

x2
Use the fact

[
f

g

]′
=

gf ′ − g′f
g2

=
x cosx− sinx

x2

3.f ′(x) = secx(tan x)′ + (secx)′ tanx Use the fact (fg)′ = f ′g + fg′

= secx sec2 x+ secx tanx tanx Factor sec x out of the right side

= secx(sec2 x+ tan2 x)

�
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Example 6. Find the derivative of the following

1. f(x) = cosx cscx 2. f(x) = sinx secx 3. f(x) =
tanx

secx

Solution:

1. f(x) = cosx cscx Use the fact cscx =
1

sinx

f(x) = cosx · 1

sinx
= cotx

f ′(x) = − csc2 x

2. f(x) = sinx secx Use the fact secx =
1

cos x

= sinx
1

cosx
= tanx

f ′(x) = sec2 x

3. f(x) =
tanx

secx
Use the fact tanx =

sinx

cos x
,

1

secx
= cos x

=
sinx

cosx
cosx = sinx

f ′(x) = cosx

�
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Example 7. Find the derivative of the following

1. f(x) = cosx secx 2. f(x) = sinx cscx 3. f(x) = tanx cotx

Solution:

1. f(x) = cosx secx Use the fact secx =
1

cos x

f(x) = cosx · 1

cosx
= 1

f ′(x) = 0

2. f(x) = sinx cscx Use the fact cscx =
1

sinx

= sinx
1

sinx
= 1

f ′(x) = 0

3. f(x) = tanx cotx Use the fact cot x =
1

tan x

= tanx
1

tanx
= 1

f ′(x) = 0

�
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Example 8. For What values of x does the curve y =
secx

1 + secx
, have any horizontal

tangents?

Solution: Note that secx+1 = 0 ⇒ x = (2n+1)π, n ∈ Z and hence domain y =
secx

1 + secx
,

is R \ {(2n+ 1)π, (2n + 1)
π

2
: n ∈ Z}. Also note that the horizontal tangents occur where

y′ = 0

y′ =
(1 + secx)(secx tanx)− (secx)(sec x tanx)

(1 + secx)2

=
secx tanx(1 + secx− secx)

(1 + secx)2
simplify

=
secx tanx

(1 + secx)2
.

Now,

y′ = 0

secx tanx

(1 + secx)2
= 0

secx tanx = 0 since secx is never zero.

tanx = 0 ⇒ x = 2nπ, n ∈ Z

Hence y has horizontal tangent line at x = 2nπ, n ∈ Z.❍
? �

❘ ➡ ➡ ➦ � � � � ➥ ➡ �
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Example 9. Find f (39)(x) for f(x) = sinx.

Solution: The first nine derivatives are as follows:

f(x) = sinx f ′(x) = cosx

f (2)(x) = − sinx f (3)(x) = − cosx

f (4)(x) = sinx f (5)(x) = cosx

f (6)(x) = − sinx f (7)(x) = − cosx

f (8)(x) = sinx f (9)(x) = cosx.

Now, we see that the derivatives of sinx occur in a cycle of length 4 and if n = 4k+ l, k, l ∈
Z, and 0 ≤ l < 4(l = 0, 1, 2, 3), then f (n)(x) = f (l)(x). Thus the nth derivative of sinx is
the same as the derivative of the reminder of the division of n by 4 Now, since 39 = 4(9)+3,
f (39)(x) = f (3)(x) = − cosx. �

❘ ➡ ➡ ➦ � � � � ➥ ➡ �
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