
Computer Graphics - Excercise 2

f(u, v) = R

cos(u)sin(u)
0

+ r

cos(u)× cos(v)sin(u)× cos(v)
sin(v)


2.1

a)

δf

δu
(u, v) =

R(−sin(u)) + r(cos(v)×−sin(u))
R× cos(u) + r(cos(v)× cos(u))

0



δf

δv
(u, v) =

r(cos(u)× (−sin(v)))
r(−sin(v)× sin(u))

r × cos(v)


⇒ Jacobian :

Jf (u, f) =

R× (−sin(u)) + r(cos(v)×−sin(u)) r(cos(u)× (−sin(v)))
sin(u)× cos(v) r(−sin(v)× sin(u))

0 r × cos(v)



b)

Isτ =

(
E F
F G

)
mit su =

δf
δu
(u, v), sv =

δf
δv
(u, v)

E = ||su||2 =√
(R(−sin(u)) + r(cos(v)×−sin(u)))2 + (R× cos(u) + r(cos(v)× cos(u)))2 + 02

2
=√

R2((−sin(u))2 + cos(u)2) + 2Rrcos(v)((−sin(u))2 + cos(u)2) + r2cos(v)((−sin(u))2 + cos(u)2)
2
=√

(R2 + 2Rrcos(v) + r2cos(v)2
2
= (r(cos(u)) +R)2

F =< su, sv >= 0

G = ||sv||2 =√
(r(cos(u)× (−sin(v))))2 + (r(−sin(v)× sin(u)))2 + (r × cos(v))22 =√
(r2 × cos(u)2 × (−sin(v))2) + (r2((−sin(v))2 × sin(u)2)) + (r2 × cos(v)2)2 =√
r2(sin(v)2(cos(u)2 × sin(u)2) + cos(v)2

2
=√

r2(sin(v)2 + cos(v)2
2
= r2

⇒ Ifτ =

(
(r(cos(u)) +R)2 0

0 r2

)

1



c)

Aus der Vorlesung: dA =
√
detIfτ du dv

⇒ dA =

√
det

(
(r(cos(u)) +R)2 0

0 r2

)
du dv

⇒ dA = r(r(cos(u)) +R) du dv

⇒ A =
∫ 2π

0

∫ 2π

0
r(r(cos(u)) +R) du dv = 2πr ×

∫ 2π

0
r(cos(u)) +Rdv =

2πr[Rv + r(sin(v)]2π0 = 2πr × (2πR) = 4π2Rr

2


