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Introdução

1822

a cos(nx) + b sen(nx)

Função Seno e Cosseno

E : R −→ C

A C t E(t) = (x, y) C

x > 0 t C

A E(t)

x < 0 |t| C

A E(t)

t = 0 E(t) = A

Oxy

C A = (1, 0)

170



AULA

13sen : R −→ R cos : R −→ R

t ∈ R

E(t) = (cos(t), sen(t)).

x = cos(t) y = sen(t)

E(t)

t

Propriedades

[−1, 1]

−1 ≤ sen(t) ≤ 1 −1 ≤ cos(t) ≤ 1

E(t)

−1 1

t sen(t)

t sen(t)
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cos(t)

t sen(t)

t

cos(t) t

t

t E(t) C

A 1 0

E(t) 0 1

2π E(t) = E(t+ 2kπ)

172



AULA

13

E : R −→ C

E(t) = (x, y) E(−t) = (x,−y)

13.3

E(−t) =

(x,−y) E(t+ π) = (−x,−y) E(t) = (x, y)
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E(t+ π) = (−x,−y) 13.3

E(t+
π

2
) = (−y, x), E(

π

2
− t) = (y, x), E(π− t) = (−x, y)

f : R −→
R

f(x) = f(−x)
x ∈ R f(x) = −f(−x)

x ∈ R f

t ∈ R

E(t) = (cos(t), sen(t)), E(−t) = (cos(−t), sen(−t)).

E(t) = (x, y) E(−t) = (x,−y)

E(−t)

cot(−t) = cos(t), sen(−t) = − sen(t),

t ∈ R

E(t)

cos(t+ π) = − cos(t), sen(t+ π) = − sen(t),

cos(t+ π/2) = − sen(t), sen(t+ π/2) = cos(t),

cos(π/2− t) = sen(t), sen(π/2− t) = cos(t),

cos(π − t) = − cos(t), sen(π − t) = sen(t).

Função Tangente

C c C

A

t ∈ R t �= π
2 + kπ k ∈ Z P =

E(t) C OP T

−→
AT t

tg : D −→ R

t ∈ D t �= π/2 + kπ AT
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t = π/2 + kπ k P =

E(t) OP

Propriedades da função Tangente

D = {t ∈ R; t �= π
2 +

kπ, k ∈ Z}

R y

t tg(t) = y

y ∈ R T

AT = y OT

P P ′ t y
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t tg(x)

π

tg(t) = AT k ∈ Z tg(t+ kπ) = AT

t t+ kπ P P ′

0 OP OP ′

T

tg(t) = tg(t+ kπ) t

t �= π
2 + kπ

kπ π
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B = (1, 0) d

B

0x

t t �= kπ k ∈ Z P =

E(t) OP

D

t cotg(t)
−−→
BD

cotg : D −→ R

t ∈ D t �= kπ BD

t = kπ k P = E(t)

OP

t

Propriedades da função Cotangente

D = {t ∈ R; t �= kπ, k ∈ Z}

R

t cotg(x)

π
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Função Secante

t t �= kπ/2 k ∈ Z

P = E(t)

s P S

t sec(t)
−→
OS OS

S

sec : D −→ R

t ∈ D t �= kπ/2 OS

t = kπ/2 k P = E(t)

C P

178



AULA

13

S

t

Propriedades da função Secante

D = {t ∈ R; t �= kπ
2 , k ∈ Z}

R− (−1, 1)

t sec(t)

t

sec(t)

2π
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Função Cossecante

t t �= kπ k ∈ Z

P = E(t)

s P Q

t cossec(t)
−−→
OQ OQ

Q

cossec : D −→ R

t ∈ D t �= kπ OQ

t = kπ k P = E(t)

C P

Q

t
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Propriedades da função Cossecante

D = {t ∈ R; t �= kπ, k ∈ Z}

R− (−1, 1)

t cossec(t)

t

cossec(t)

2π
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Relações Fundamentais

tg cotg sec cossec

sen cos

sen2(t) + cos2(t) = 1

t t �= π/2+ kπ k ∈ Z

tg(t) =
sen(t)

cos(t)
.

t �= kπ E(t) = P

(1, 0) (−1, 0) t �= π/2 + kπ

E(t) = P (0, 1) (0,−1)
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tg(t) = sen(t)
cos(t)

OAT OP2P

13.11

|AT |
|OA| =

|P2P |
|OP2|

,

| tg(t)| = | sen(t)|
| cos(t)| .

tg(t)

sen(t)/ cos(t) tg(t) =

sen(t)/ cos(t)

tg(t) sen(t)/ cos(t)

t = kπ sen(kπ) = 0 tg(t) =

0 = sen(t)
cos(t)
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t t �= kπ k ∈ Z

cotg(t) =
cos(t)

sen(t)
.

t t �= π/2+ kπ k ∈ Z

sec(t) =
1

cos(t)
.

t �= kπ E(t) = P

(1, 0) (−1, 0) t �= π/2+ kπ

E(t) = P (0, 1) (0,−1)

sec(t) = 1
cos(t)

OPS OP2P

13.12

|OS|
|OP | =

|OP |
|OP2|

,
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| sec(t)| = 1

| cos(t)| .

sec(t)

1/ cos(t) sec(t) =

1/ cos(t)

sec(t) 1/ cos(t)

t = kπ sec(kπ) = 1 = cos(t) k

sec(kπ) = −1 = cos(t) k

t t �= kπ k ∈ Z

cossec(t) =
1

sen(t)
.

t t �= kπ/2 k ∈ Z

cotg(t) = 1
tg(t) ,

tg2(t) + 1 = sec2(t),

cotg2(t) + 1 = cossec2(t),

cossec2(t) = 1
1+tg2(t)

,

sen2(t) = tg2(t)
1+tg2(t)

.

RESUMO
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sen : R −→ R cos : R −→ R

t ∈ R

E(t) = (cos(t), sen(t)).

x = cos(t) y = sen(t)

E(t)

t ∈ R t �= π
2+kπ k ∈ Z P = E(t)

C OP T
−→
AT

t

tg : D −→ R

t ∈ D t �= π/2 + kπ AT

t t �= kπ k ∈ Z P =

E(t) OP

D

t cotg(t)
−−→
BD

cotg : D −→ R

t ∈ D t �= kπ BD

t t �= kπ/2 k ∈ Z P = E(t)

s

P S
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13t sec(t)
−→
OS OS S

sec : D −→ R

t ∈ D t �= kπ/2 OS

t t �= kπ k ∈ Z P = E(t)

s

P Q

t cossec(t)
−−→
OQ OQ Q

cossec : D −→ R

t ∈ D t �= kπ OQ

ATIVIDADES

y = 3− 2 cos(2x−
π/4) y = cos(x)

y = 1 + 1
4 sen(

x
2 + π/2) y = sen(x)

t x

cos(x) = t+2
2t−1

sen(x) = t−1
t−2

tg(x) =
√
t2 − 5t+ 4

f(x) = tg(2x+ π/6)

sen(x) cos(x) 3 cos(x)+

sen(x) = −1
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sen(x) cos(x) 5 sec(x)− 3 tg2(x) = 1

sen(x) + cos(x) = a sen(x). cos(x) = b

a b x

sen(x). cos(y) = m

sen4(x) + cos4(x) = 1− 2m2 sen6(x) + cos6(x) = 1− 3m2

(1 + cot2(x))(1− cos2(x)) = 1

1−cos(x)
sen(x). cos(x) + sen(x) = 1−cos(x)

tg(x) + tg(x)

sen(x)
cossec(x) +

cos(x)
sec(x) = 1

cotg2(x)
1+cotg2(x)

= cos2(x)

sen3(x)−cos3(x)
sen(x)−cos(x) = 1 + sen(x) cos(x)

cos(x)+cotg(x)
tg(x)+sec(x) = cos(x). cotg(x)

REFERÊNCIAS BIBLIOGRÁFICAS

3

188


