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6.1

(1)

f = x sin z

k
− y cos z

k
,∇f =

 sin z
k

− cos z
k

x
k cos z

k + y
k sin z

k


TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣
 sin z0

k
− cos z0

k
x0
k cos z0
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k sin z0

k

 ·

 x
y
z

 = 0


⇐⇒ TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣x sin z0
k

− y cos z0
k

+
(x0
k

cos z0
k

+
y0
k

sin z0
k

)
z = 0


(2)

n (σ (u, v)) =
(∇f) (σ (u, v))

∥(∇f)σ (u, v)∥
=

1√
1 + u2

k2

 sin v
− cos v

u
k

 =
k√

u2 + k2

 sin v
− cos v

u
k


σu =

 cos v
sin v
0

 , σv =

 −u sin v
u cos v

k



σu × σv =

 cos v
sin v
0

×

 −u sin v
u cos v

k


=

 k sin v
−k cos v

u


∥σu × σv∥ =

√
u2 + k2

だから、
σu × σv
∥σu × σv∥

=
1√

u2 + k2

 k sin v
−k cos v

u

 =
k√

u2 + k2

 sin v
− cos v

u
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6.2

(1)

f = x2 − y2 − r2,∇f =

 2x
−2y
0


TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣
 2x0

−2y0
0

 ·

 x
y
z

 = 0

 =


 x

y
z

 ∈ R3

∣∣∣∣∣∣2x0x− 2y0y = 0
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(2)

n (σ+ (u, v)) =
(∇f) (σ+ (u, v))

∥(∇f) (σ+ (u, v))∥
=

1

2r
√

cosh 2u

 2r coshu
−2r sinhu

0

 =
1√

cosh 2u

 coshu
− sinhu

0


σ+u =

 r sinhu
r coshu

0

 , σ+v =

 0
0
1

 , σ+u × σ+v =

 r coshu
−r sinhu

0


σ+u × σ+v

∥σ+u × σ+v∥
=

1√
cosh 2u

 coshu
− sinhu

0

 = n (σ+ (u, v))

よって、σ+は正の向きである

n (σ− (u, v)) =
(∇f) (σ− (u, v))

∥(∇f) (σ− (u, v))∥
=

1√
cosh 2u

 − coshu
− sinhu

0


σ−u =

 −r sinhu
r coshu

0

 , σ−v =

 0
0
1

 , σ−u × σ−v =

 r coshu
r sinhu

0


σ−u × σ−v

∥σ−u × σ−v∥
=

1√
cosh 2u

 coshu
sinhu

0

 = −n (σ− (u, v))

だから、σ−は負の向き

6.1

(1)

f = x2 + y2 − a2 cosh2 z

a
,∇f =

 2x
2y

−a sinh 2z

a


TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣∣
 2x0

2y0

−a sinh 2z0
a

 ·

 x
y
z

 = 0


⇐⇒ TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣2x0x+ 2y0y − az sinh 2z0
a

= 0
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(2)

n (σ (u, v)) =
(∇f) (σ (u, v))

∥(∇f) (σ (u, v))∥
=

1

2a cosh2 u

 2 coshu cos v
2 coshu sin v
−a sinh 2u


σu =

 a sinhu cos v
a sinhu sin v

a

 , σv =

 −a coshu sin v
a coshu cos v

0



σu × σv =

 a sinhu cos v
a sinhu sin v

a

×

 −a coshu sin v
a coshu cos v

0


=

 −a2 coshu cos v
−a2 coshu sin v
a2 sinhu coshu


∥σu × σv∥ = a2 cosh2 u

σu × σv
∥σu × σv∥

=
1

a2 cosh2 u

 −a2 coshu cos v
−a2 coshu sin v
a2 sinhu coshu

 = −n (σ (u, v))

よって、σは負の向き

6.2

(1)

f = x2 + y2 − z2 − r2,∇f =

 2x
2y
−2z


TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣
 2x0

2y0
−2z0

 ·

 x
y
z

 = 0

 =


 x

y
z

 ∈ R3

∣∣∣∣∣∣x0x+ y0y − z0z = 0


(2)

n (σ (u, v)) =
(∇f) (σ (u, v))

∥(∇f) (σ (u, v))∥
=

1√
cosh 2u

 coshu cos v
coshu sin v
− sinhu


σu =

 r sinhu cos v
r sinhu sin v
r coshu

 , σv =

 −r coshu sin v
r coshu cos v

0

 , σu × σv =

 −r2 cosh2 u cos v
−r2 cosh2 u sin v
r2 sinhu coshu


σu × σv
∥σu × σv∥

=
1

r2 coshu
√

cosh 2u

 −r2 cosh2 u cos v
−r2 cosh2 u sin v
r2 sinhu coshu

 =
1√

cosh 2u

 − coshu cos v
− coshu sin v

sinhu


= −n (σ (u, v))
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6.3

(1)

f = x2 + y2 − z2 + r2,∇f =

 2x
2y
−2z


TpS =


 x

y
z

 ∈ R3

∣∣∣∣∣∣
 2x0

2y0
−2z0

 ·

 x
y
z

 = 0

 =


 x

y
z

 ∈ R3

∣∣∣∣∣∣x0x+ y0y − z0z = 0


(2)

n (σ+ (u, v)) =
1√

r2 + 2u2 + 2v2

 u
v

−
√
r2 + u2 + v2


n (σ− (u, v)) =

1√
r2 + 2u2 + 2v2

 u
v√

r2 + u2 + v2


σ+u =

 1
0
u√

r2 + u2 + v2

 , σ+v =

 0
1
v√

r2 + u2 + v2

 , σ+u × σ+v =

 − u√
r2+u2+v2

− v√
r2+u2+v2

1


σ−u =

 1
0

− u√
r2 + u2 + v2

 , σ−v =

 0
1

− v√
r2 + u2 + v2

 , σ−u × σ−v =


u√

r2+u2+v2
v√

r2+u2+v2

1


σ+u × σ+v

∥σ+u × σ+v∥
=

1√
r2 + 2u2 + 2v2

 −u
−v√

r2 + u2 + v2

 = −n (σ+ (u, v))

σ−u × σ−v

∥σ−u × σ−v∥
=

1√
r2 + 2u2 + 2v2

 u
v√

r2 + u2 + v2

 = n (σ− (u, v))

よって、正になるものは σ−
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