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Observações

▶ A resolução dos exercícios será disponibilizada 2 semanas após a respectiva aula.
▶ Os exercícios podem ser entregues sem descontos na nota até essa data.
▶ As respostas aqui descritas não são as únicas possíveis para cada exercício. Outras

diferentes podem ser consideradas corretas, desde que cheguem a resultados
similares.

▶ Este arquivo será atualizado durante o semestre.
▶ As questões que dependerem de variáveis individuais para cada estudante serão

exibidas em função dessas, mas a resposta apenas será considerada correta se os
valores adequados forem utilizados.
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Aula 3



Exercício 1

GL_LINE_LOOP(B,C,D,E,F,G)
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Exercício 2

GL_TRIANGLES(B,C,G,A,D,F)
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Exercício 3

GL_TRIANGLE_STRIP(C,D,G,F)
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Aula 4



Exercício 1

M = S · T

M =

s 0 0
0 s 0
0 0 1

 ·

1 0 tx
0 1 ty
0 0 1


M =

s 0 stx
0 s sty
0 0 1

 =

2 0 2M
0 2 2D
0 0 1
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Exercício 2

R (M+ D) =

cos (M+ D) − sin (M+ D) 0
sin (M+ D) cos (M+ D) 0

0 0 1

 =

cosM · cosD− sinM · sinD − cosM · sinD− sinM · cosD 0
cosM · sinD+ sinM · cosD cosM · cosD− sinM · sinD 0

0 0 1


R (M) · R (D) =

cosM − sinM 0
sinM cosM 0

0 0 1

 ·

cosD − sinD 0
sinD cosD 0

0 0 1


=

cosM · cosD− sinM · sinD − cosM · sinD− sinM · cosD 0
cosM · sinD+ sinM · cosD cosM · cosD− sinM · sinD 0

0 0 1


∴ R (M+ D) = R (M) · R (D)

6



Exercício 3

P =

M − 2.5 M + 2.5 M − 2.5 M + 2.5
D − 2.5 D − 2.5 D + 2.5 D + 2.5

1 1 1 1



M =

1 0 2.5
0 1 2.5
0 0 1


cos 45◦ − sin 45◦ 0
sin 45◦ cos 45◦ 0

0 0 1


1 0 −2.5

0 1 −2.5
0 0 1



=

1 0 2.5
0 1 2.5
0 0 1




√
2

2 −
√

2
2 0√

2
2

√
2

2 0
0 0 1


1 0 −2.5

0 1 −2.5
0 0 1

 =


√

2
2 −

√
2

2 2.5√
2

2

√
2

2
5−5

√
2

2
0 0 1



P′ = M · P =


√

2
2 −

√
2

2 2.5√
2

2

√
2

2
5−5

√
2

2
0 0 1


M − 2.5 M + 2.5 M − 2.5 M + 2.5
D − 2.5 D − 2.5 D + 2.5 D + 2.5

1 1 1 1



=


√

2(M−D)+5
2

√
2(M−D+5)+5

2

√
2(M−D−5)+5

2

√
2(M−D)+5

2√
2(M+D−10)+5

2

√
2(M+D−5)+5

2

√
2(M+D−5)+5

2

√
2(M+D)+5

2
1 1 1 1
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Exercício 1
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Exercício 2
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Exercício 3

< s v g width = " 700 " h e i g h t = " 500 " >
< path d= "M  0  2  L  2  1  3  3  4  5  7  4  6  0  3  3  1  4  2  1  6  0  

M  3  3  L  7  4  M  4  5  L  1  4  0  2 " s t r o k e = " b l a c k "
s t r o k e − width = " 0 . 0 1 " f i l l = " none "
t r a n s f o r m = " t r a n s l a t e ( 0 , 5 0 0 ) , s c a l e ( 1 0 0 , − 1 0 0 ) " / >

< / s v g >
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Exercício 11

modelo = l o a d _ m o d e l _ f r o m _ f i l e ( ’ o b j e t o s / cubo . o b j ’ )

1A função para leitura do arquivo . obj deve ser definida no programa em que é utilizada, mas sua chamada é
a forma como este é carregado.
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Exercício 22

mat_model = model ( a n g l e = 9 0 , r _ x = 0 , r _ y = 0 , r _ z = 1 . 0 , t _ x = 0 . 0 ,
t _ y = 0 . 0 , t _ z = − 2 5 . 0 , s _ x = 0 . 5 , s _ y = 0 . 5 , s _ z = 0 . 5 )

v e r t i c e s _ l i s t = [ ]
f o r v i n np . a r r a y ( modelo [ ’ v e r t i c e s ’ ] ) :

v e r t i c e s _ l i s t . append ( [ v [ 0 ] , v [ 1 ] , v [ 2 ] , 1 ] )
v e r t = np . a r r a y ( v e r t i c e s _ l i s t , np . f l o a t 3 2 )
v e r t _ t = mat_model@vert . t r a n s p o s e ( )

2Para esta operação, é preciso criar uma variável auxiliar que armazene o vetor considerando a coordenada
homogênea, e fazer a operação da matrizModel aparte da execução do OpenGL.
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Exercício 33

p r i n t ( v e r t i c e s _ l i s t )
p r i n t ( v e r t _ t . t r a n s p o s e ( ) )

3O resultado da operação sobre os vértices está na forma matricial. Para exibi-lo com cada vértice em uma
linha, é necessário transpor a matriz resultante.
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Exercício 1

MModel =


M 0 0 0
0 D 0 0
0 0 M 0
0 0 0 1




1 0 0 0.5
0 1 0 0
0 0 1 0.5
0 0 0 1

 =


M 0 0 M

2
0 D 0 0
0 0 M M

2
0 0 0 1



P′ = MModel · P =


M 0 0 M

2
0 D 0 0
0 0 M M

2
0 0 0 1



−0.5 0.5 −0.5 0.5 0

0 0 0 0 1
−0.5 −0.5 0.5 0.5 0

1 1 1 1 1

 =


0 M 0 M M

2
0 0 0 0 D
0 0 M M M

2
1 1 1 1 1
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Exercício 2

n =
N
|N|

=
(0, 0,M)

M
= (0, 0, 1) , u =

V × n
|V × n|

=
(1, 0, 0)

1 = (1, 0, 0) , v = n× u = (0, 1, 0)

MView =


1 0 0 0
0 1 0 0
0 0 1 −M
0 0 0 1



P′′ = MView · P′ =


1 0 0 0
0 1 0 0
0 0 1 −M
0 0 0 1




0 M 0 M M
2

0 0 0 0 D
0 0 M M M

2
1 1 1 1 1

 =


0 M 0 M M

2
0 0 0 0 D
−M −M 0 0 −M

2
1 1 1 1 1
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Exercício 3

Mnormpers =



cot
(
θ
2
)

aspect 0 0 0

0 cot
(

θ
2

)
0 0

0 0 − zfar+znear
zfar−znear

− 2·zfar·znear
zfar−znear

0 0 −1 0

 =


cot

(
θ
2
)

aspect 0 0 0

0 cot
(

θ
2

)
0 0

0 0 − 1001
999 − 20D

999
0 0 −1 0



P′′′ = Mnormpers · P′′ =


cot

(
θ
2
)

aspect 0 0 0

0 cot
(

θ
2

)
0 0

0 0 − 1001
999 − 20D

999
0 0 −1 0




0 M 0 M M
2

0 0 0 0 D
−M −M 0 0 − M

2
1 1 1 1 1



=


0

M·cot
(
θ
2
)

aspect 0
M·cot

(
θ
2
)

aspect
M·cot

(
θ
2
)

2·aspect
0 0 0 0 D · cot

(
θ
2

)
1001M−20D

999
1001M−20D

999 − 20D
999 − 20D

999
1001M−40D

1998
M M 0 0 M

2
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Exercício 14

A⃗B =

M · cot
(

θ
2

)
aspect

, 0,
1001M − 20D

999

 −
(

0, 0,
1001M − 20D

999

)
=

M · cot
(

θ
2

)
aspect

, 0, 0


A⃗C =

(
0, 0,−

20D
999

)
−

(
0, 0,

1001M − 20D
999

)
=

(
0, 0,−

1001M
999

)

A⃗E =

M · cot
(

θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,

1001M − 40D
1998

 −
(

0, 0,
1001M − 20D

999

)
=

M · cot
(

θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,−

1001M
999


B⃗D =

M · cot
(

θ
2

)
aspect

, 0,
20D
999

 −

M · cot
(

θ
2

)
aspect

, 0,
1001M − 20D

999

 =

(
0, 0,−

1001M
999

)

B⃗E =

M · cot
(

θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,

1001M − 40D
1998

 −

M · cot
(

θ
2

)
aspect

, 0,
1001M − 20D

999

 =

−
M · cot

(
θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,−

1001M
999



4P′′′ = [ A B C D E ]
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Exercício 1

C⃗D =

M · cot
(

θ
2

)
aspect

, 0,−
20D
999

 −
(

0, 0,−
20D
999

)
=

M · cot
(

θ
2

)
aspect

, 0, 0


C⃗E =

M · cot
(

θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,

1001M − 40D
1998

 −
(

0, 0,−
20D
999

)
=

M · cot
(

θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,

1001M
1998


D⃗B = −B⃗D =

(
0, 0,

1001M
999

)

D⃗E =

M · cot
(

θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,

1001M − 40D
1998

 −

M · cot
(

θ
2

)
aspect

, 0,−
20D
999

 =

−
M · cot

(
θ
2

)
2 · aspect

, D · cot
(

θ

2

)
,

1001M
999
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Exercício 1

N⃗1 = A⃗B× A⃗C =

(
0,

1001M2 · cot
(
θ
2
)

999 · aspect , 0
)

N⃗2 = A⃗E × A⃗B =

(
0,−

1001M2 · cot
(
θ
2
)

999 · aspect ,−
DM · cot2 ( θ

2
)

2 · aspect

)

N⃗3 = B⃗E × B⃗D =

(
−

1001DM · cot
(
θ
2
)

999 ,−
1001M2 · cot

(
θ
2
)

1998 · aspect , 0
)

N⃗4 = C⃗D× C⃗E =

(
0,−

DM · cot2 ( θ
2
)

aspect
,
DM · cot2 ( θ

2
)

2 · aspect

)

N⃗5 = D⃗B× D⃗E =

(
−

1001DM · cot
(
θ
2
)

999 ,−
1001M2 · cot

(
θ
2
)

1998 · aspect , 0
)
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Exercício 2

N⃗1z = 0

N⃗2z = −
DM · cot2 ( θ

2
)

2 · aspect
N⃗3z = 0

N⃗4z =
DM · cot2 ( θ

2
)

2 · aspect
N⃗5z = 0

A única face com N⃗z > 0 e, portanto, visível, é CDE.
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Exercício 3
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Exercício 1
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Exercício 2
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Exercício 35

l o a d _ t e x t u r e _ f r o m _ f i l e ( 0 , ’ c a i x a / t e x t u r a 2 . j p g ’ )

5Alterando a textura do objeto "caixa", descrito no exemplo de aula.
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Exercício 1

Iamb = kaIa =
D

40 · 4
5 =

D
50
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Exercício 2

Idiff = kaIa + kdIl cos θ =
D

50 +
M
20 cos θ
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Exercício 3

Ispec = kaIa + kdIl cos θ + ksIl cosns α =
D
50 +

M
20 cos θ +

3M
4D+ 80 cosM·D α
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