
��[���?°¬�§5�©AÛ6�ä]
 1

555���©©©AAAÛÛÛ666111 113 ���SSSKKK)))���

1. O�]ó¡r(u, v) = {cosh u cos v, cosh u sin v, u}�1�!1�a
Ä�þ.

)µÄk��O�e��þ:

ru = {sinhu cos v, sinhu sin v, 1},

rv = {− cosh u sin v, cosh u cos v, 0},

ruu = {cosh u cos v, cosh u sin v, 0},

ruv = {− sinhu sin v, sinhu cos v, 0},

rvv = {− cosh u cos v,− cosh u sin v, 0},

ru × rv = {− cosh u cos v,− cosh u sin v, sinhu cosh u},

n =
ru × rv

|ru × rv|
=

1
cosh u

{− cos v,− sin v, sinhu}.

u´, ]ó¡�1�, 1�aÄ�þ©O�

E = r2
u = cosh2 u, F = ru · rv = 0, G = r2

v = cosh2 u;

L = ruu · n = −1, M = ruv · n = 0, N = rvv · n = 1.

¤

2. O��Ô¡2x3 = 5x2
1 + 4x1x2 + 2x2

2 3�:?�1�!1�aÄ�
þ.

)µ dMonge/ªL«�­¡�1�, 1�aÄ�þ�O�úª, k
O�

p =
∂x3

∂x1
= 5x1 + 2x2, q =

∂x3

∂x2
= 2(x1 + x2),

r =
∂2x3

∂x2
1

= 5, s =
∂2x3

∂x1∂x2
= 2, t =

∂2x3

∂x2
2

= 2.
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2O�

E = 1 + p2 = 1 + (5x1 + 2x2)2,

F = pq = 2(x1 + x2)(5x1 + 2x2),

G = 1 + q2 = 1 + 4(x1 + x2)2;

L =
r√

1 + p2 + q2
=

5√
1 + (5x1 + 2x2)2 + 4(x1 + x2)2

,

M =
s√

1 + p2 + q2
=

2√
1 + (5x1 + 2x2)2 + 4(x1 + x2)2

,

N =
t√

1 + p2 + q2
=

2√
1 + (5x1 + 2x2)2 + 4(x1 + x2)2

.

¤±3�:?, =x1 = x2 = x3 = 0�, �Ô¡�1�!1�Ä�/ª�

I = dx2
1 + dx2

2,

II = 5dx2
1 + 4dx1dx2 + 2dx2

2.

¤

3. y ² µ é u � Ú ¡r(u, v) = {u cos v, u sin v, bv}? ? kEN −
2FM + GL = 0.

y²µ N´�Ñ�Ú¡�1�!1�Ä�/ª©O�

I = du2 + (u2 + b2)dv2,

II =
−2b√
u2 + b2

dudv.

u´EN − 2FM + GL = 0. ¤

4. ¦Ñ�Ô¡z = 1
2(ax2 + by2)3 (0, 0):Ú�� (dx : dy)�{­Ç.

)µkO�

p =
∂z

∂x
= ax, q =

∂z

∂y
= by,

r =
∂2z

∂x2
= a, s =

∂2z

∂x∂y
= 0, t =

∂2z

∂y2
= b.
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2O�
E = 1 + p2 = 1 + a2x2,

F = pq = abxy,

G = 1 + q2 = 1 + b2y2;

L =
r√

1 + p2 + q2
=

a√
1 + a2x2 + b2y2

,

M =
s√

1 + p2 + q2
= 0,

N =
t√

1 + p2 + q2
=

b√
1 + a2x2 + b2y2

.

¤±, 3�:�Ô¡�1�!1�Ä�/ª©O�

I = dx2 + dy2,

II = adx2 + bdy2.

u´, 3�:÷�� (dx : dy)�{­Ç

kn =
II

I
=

adx2 + bdy2

dx2 + dy2

¤

5. ®�²¡π �ü ¥¡S �¥%ål�d(0 < d < 1), ¦π �S ��
�­Ç�{­Ç.

)µ N´��, π �S ���´��»�
√

1 − d2 ��, ����­Ç
� 1√

1−d2
. e¡^ü«�{¦���{­Ç.

={.> ü ¥¡�ü {¥þn = ±(r − r0), Kdn = dr, l


II = ±dr · dn = −dr · dr = ±I.

d{­Ç�úªkn = II
I ��ü ¥¡þ3?Û:÷?Û���{­ÇÑ´

±1. �π �S ����{­Ç�±1.

={/> Ï�L¥¡þ?Û�:, ±?Û�������{��Ñ´
¥��, �dúªkn = k cos θ = k0 (Ù¥k0 ´{���­Ç)�, π �S ��
��{­Ç�±1. ¤
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6. |^{­Çúªkn = II
I y²3¥¡þéu?Û­«�I, 1�!�

aÄ�þ¤'~.

y²µ �¥¡¥%�»¥�r0, �»�a, K�-¥¡�ü {¥ (�
�¥% )�n = 1

a(r − r0). u´

II = −dn · dr = − 1
a dr2 = − 1

a I,

=3¥¡þz�:, �ª

− 1
a(Edu2 + 2Fdudv + Gdv2) = (Ldu2 + 2Mdudv + Ndv2)

'u du
dv Ñ´��ð�ª, �Ò´

L : M : N = E : F : G.

l'Xª��±��í�1�Ú1�üaÄ�þ¤'~, X

L = −ru · nu = −ru · ( 1
aru) = − 1

aru · ru = − 1
aE,

Ó{, M = − 1
aF, N = − 1

aG. ¤

7. ¦y3�Ú¡þk�xìC�´��, ,�xìC�´Ú�.

y²µé�Ú¡r(u, v) = {u cos v, u sin v, bv} , N´¦Ñ

E = 1, F = 0, G = u2 + b2;

L = 0, M =
−b√

u2 + b2
, N = 0.

duLN − M2 = −b2

u2+b2
< 0, ¤±�Ú¡þ�:Ñ´V­:. l
­¡þ�

3üxìC­�(=­¡�ìC�). 
L = N = 0, K­«�I��´­¡
�ìC�.

éu�Ú¡, §�u−­�´²¡z = bv0 þ���

x = u cos v0,

y = u sin v0

,


v−­�´Ú�r(v) = {u0 cos v, u0 sin v, bv}, Ïd�Ú¡�ìC­�´�
�ÚÚ�. ¤
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8. ¦­¡z = xy2 �ìC�.

)µ¤�­¡�ëê�§��¤

r(x, y) = {x, y, xy2},

{üO��¦Ñ§�1�!1�aÄ�þ©O�

E = 1 + y4, F = 2xy3, G = 1 + 4x2y2;

L = 0, M =
2y√

1 + 4x2y2 + y4
, N =

2x√
1 + 4x2y2 + y4

.

u´ìC­���©�§Ldx2 + 2Mdxdy + Ndy2 = 0=�

dy(4ydx + 2xdy) = 0.

(1) edy = 0, Ky = C1 (~ê);

(2) e4ydx + 2xdy = 0, = 2
xdx + 1

ydy = 0, Kx2y = C2 (~ê). ¤

9. y²z�^­�3§�Ì{�­¡þ´ìC­�.

y²µ�­�C �g,ëê�§�r = r(s), KÙÌ{�­¡Σ�ëê
�§�

r∗(s, v) = r(s) + vβ(s).

={.> Uúªkn = k cos θ y²­�C �{­Ç�". Äk

r∗
s = α + vβ̇ = α + v(−kα + τγ), r∗

v = β,

r∗
s × r∗

v = (1 − vk)γ − vτα.

Ï�­�C �­¡Σþ��^ëê­� (v = 0), �÷­�C , ­¡Σ�
ü {�þn ‖ r∗

s × r∗
v ‖ γ, =C ���²¡�Σ��²¡­Ü, Ïd

θ = ∠(n,β) = π
2 . Kkn = k cos θ = 0`²C �Σ�ìC­�"

={/> ·�kO�÷­�C ­¡Σ�1�aÄ�þ.

r∗
ss|v=0 = kβ, r∗

sv|v=0 = −kα + τγ, r∗
vv|v=0 = 0,

r∗
s × r∗

v|v=0 = γ,
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du÷­�C kL = N = 0, ¤±ëê­��ìC­�, 
C ´éAv = 0

�ëê­�, �z^­�3§�Ì{�­¡þ´ìC­�. ¤

10. y²3­¡z = f(x) + g(y)þ, ­�xx =~ê, y =~ê�¤��
�.

y²µò�½­¡��§z = f(x) + g(y)�¤ëê�§=

r(x, y) = {x, y, f(x) + g(y)},

K­�xx =~ê, y =~ê�´­¡�­«�I�.

w,krxy = 0, =M = 0, �â­¡�­«�I�´����¿�^�
´M = 0�­�xx =~ê, y =~ê�¤���. ¤

11. (½Ú^¡x = u cos v, y = u sin v, z = cv þ�­Ç�.

)µk¦ÑK¥Ú^¡�1�!�aÄ�þ©O�

E = 1, F = 0, G = u2 + c2;

L = 0, M =
−c√

u2 + c2
, N = 0.

u´­Ç���©�§�∣∣∣∣∣∣∣∣
dv2 −dudv du2

1 0 u2 + c2

0 −c√
u2+c2

0

∣∣∣∣∣∣∣∣ = 0,

=
− c√

u2 + c2
du2 +

c(u2 + c2)√
u2 + c2

dv2 = 0,

½ö
dv = ± du√

u2 + c2
,

È©�­Ç��ëê'Xª�

v ± ln(u +
√

u2 + c2) = C (~ê).

¤
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12. ¦ÑV­¡z = axy þ�­Ç�.

)µ-

r(x, y) = {x, y, axy},

K��O����V­¡�1�!�aÄ�þ©O�

E = r2
x = 1 + a2y2, F = rx · ry = a2xy, G = r2

y = 1 + a2x2;

L = rxx · n = 0, M = rxy · n =
a√

1 + a2x2 + a2y2
, N = ryy · n = 0.

�\­Ç���©�§�∣∣∣∣∣∣∣∣
dy2 −dxdy dx2

1 + a2y2 a2xy 1 + a2x2

0 a√
1+a2x2+a2y2

0

∣∣∣∣∣∣∣∣ = 0,

=

(1 + a2y2)dx2 − (1 + a2x2)dy2 = 0,

½

dy = ±
√

1 + a2y2

1 + a2x2
dx.

È©�­Ç��ëê'Xª�

(ay +
√

1 + a2y2)(ax +
√

1 + a2x2) = C1,

ay +
√

1 + a2y2

ax +
√

1 + a2x2
= C2.

¤

13. ¦­¡r(u, v) = {a
2 (u − v), b

2(u + v), uv
2 }þ­Ç���§.

)µN´¦Ñ­¡�1�!�aÄ�þ©O�

E =
1
4
(a2 + b2 + v2), F =

1
2
(−a2 + b2 + uv), G =

1
4
(a2 + b2 + u2);

L = N = 0, M =
ab√

b2(u − v)2 + a2(u + v)2 + 4a2b2
.
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òþã(J�\­Ç���©�§∣∣∣∣∣∣∣∣
dv2 −dudv du2

E F G

L M N

∣∣∣∣∣∣∣∣ = 0,

��

Edu2 − Gdv2 = 0.

òþªÏª©), k

(
√

Edu +
√

Gdv)(
√

Edu −
√

Gdv) = 0.

(1) �
√

Edu +
√

Gdv = 0�, |^1�aÄ�þ, k

du√
a2 + b2 + u2

+
dv√

a2 + b2 + v2
= 0,

üàÈ©, �

ln(u +
√

a2 + b2 + u2) + ln(v +
√

a2 + b2 + v2) = ln C1,

@"

(u +
√

a2 + b2 + u2)(v +
√

u2 + b2 + v2) = C1

´�x­Ç�, ùpC1 ´�~ê.

(2) �
√

Edu −
√

Gdv = 0�, aq/k,�x­Ç�

u +
√

a2 + b2 + u2

v +
√

a2 + b2 + v2
= C2,

ùpC2 �´�~ê. ¤

14. �Ñ­¡þ�^­Ç�Γ, �Γþz�:?�B{�þÚ­¡3T
:?�{�þ¤½�, ¦yΓ´�²¡­�.

y²µ�­�Γ�g,ëê�§u = u(s), v = v(s)�, α,β,γ ´ÙÄ
��þ, K

n · γ = cos θ = C(~ê), (14.1)
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(1) e(14.1)ª¥~êC = 1½−1, =n ‖ γ, ù�­�C �ìC­
�, ÷­�C, {­Çkn = 0. Ï�C ´­Ç�, �âRodriguesúª�
dn = −kndr, ÷­�C, ­¡�{�þ�~�þ, ?
­��B{�þ�~
�þ, =C ´²¡­�.

(2) e(14.1)ª¥~êC 6= ±1, é (14.1)ªü>'ul�s¦�, ¿|
^FrenetúªÚRodriguesúª, �

τ n · β = 0,


n · β 6= 0(ÄKdn · α = 0�n ‖ γ), ¤±τ = 0, =­Ç�Γ�²¡­�.

¤

15. XJ�­¡�­Ç�(�ìC­�)���²¡�­¡��²¡�¤
½�, K§´²¡­�.

y²µ�­Ç��l�ëê�§�r = r(s), α, β, γ ©O�Ù��þ, Ì
{�þÚB{�þ, ¿�÷­Ç�­¡��²¡�ü {�þn�β �m�
Y��θ, Ø��0 ≤ θ ≤ π

2 . XJβ, n�m�Y��u π
2 , �On, �−n��

­¡�ü {�þ, ù�, β,−n�m�Y�Ò�u π
2 . n�γ �m�Y��

π
2 − θ ½ π

2 + θ, �K¿ π
2 − θ ½ π

2 + θ �½�, Kθ �½�. du

n · γ = cos
(π

2
− θ

)
½�ucos(π

2 + θ). þªü>'us¦�, �

dγ

ds
· n + γ · dn

ds
= 0.

dur = r(s)�­Ç�, dRodriguesúª, dn
ds ²1u dr

ds , u´k

γ · dn

ds
= 0.

l

dγ

ds
· n = 0,

=
−τ cos θ = 0.
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duù^­Ç�Ø´ìC�, nØ²1uγ, u´θ 6= π
2 , Ï
τ = 0, dd�

­Ç��²¡­�. ¤
�P: ��, ®�­¡��^­Ç�r = r(s)(s�l�)´²¡­�, @

"÷ù^­Ç�, γ ´~�þ,du÷­Ç�γ · dn
ds = 0, ¤± d

ds(γ · n) = 0, ù
L²÷ù^­Ç�

γ · n = cos θ,


θ �~ê, =÷ù^­Ç�, ­¡��²¡�­Ç�¤3�²¡��u½
�.

16. ¦�Ú¡�Ì­Ç.

)µéu�Ú¡

r(u, v) = {u cos v, u sin v, bv},

Ù1�!�aÄ�þ©O�

E = 1, F = 0, G = u2 + b2;

L = N = 0, M =
−b√

u2 + b2
.

��E : F : G 6= L : M : N , ddB��Ú¡þ�¤k:Ñ�ß:, u´Ù
þz:?Ñkü�Ø���Ì­Ç. òÄ�þ�\Ì­ÇkN �O�úª∣∣∣∣∣ L − kNE M − kNF

M − kNF N − kNG

∣∣∣∣∣ = 0,

��

(u2 + b2)k2
N − b2

u2 + b2
= 0.

Ïd, ü�Ì­Ç©O�

k1 =
b

u2 + b2
, k2 =

−b

u2 + b2
.

¤

17. (½�Ô¡z = a(x2 + y2)3 (0, 0):�Ì­Ç.
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)µÄk��O����Ô¡3: (0, 0)?�1�!�aÄ�þ©O�

E = G = 1, F = 0;

L = N = 2a, M = 0.

dF = M = 0�, ëê­��´­Ç��, u´Ì­Ç©O�

k1 =
L

E
= 2a, k2 =

N

G
= 2a,

Ïd, �Ô¡z = a2(x2 + y2)3: (0, 0)�Ì­Çk1 = k2 = 2a. ¯¢þ,

(0, 0):´�Ô¡�ß:, 3T:, ÷¤k���{­ÇÑ��, ��2a. ¤

18. y²3­¡þ�½:?, ÷�p¤�������{­Ç�Ú�~
ê.

y²µ�­¡þ�½:?�ü�Ì­Ç©O�k1 Úk2, dr Úδr ��
½:??¿ü��p¤������, éA�{­Ç©O�kn Úk∗

n, Kd
Eulerúªk

kn = k1 cos2 θ + k2 sin2 θ,

k∗
n = k1 cos2

(π

2
± θ

)
+ k2 sin2

(π

2
± θ

)
= k1 sin2 θ + k2 cos2 θ.

Ù¥θ ���dr Úu−­��m�Y�, w,k

kn + k∗
n = k1 + k2 = C (�½:?�~ê ).

¤

19. y²e­¡�üxìC­��u½�, KÌ­Ç�'��~ê.

y{.µÏ�÷ìC��{­Ç� 0, �âEulerúªk

k1 cos2 θ + k2 sin2 θ = 0,

Ù¥θ �ìC­�Úu−­��Y�, =ü^ìC­�Y����, dK��
~þ. Ïd

k1

k2
= − tan2 θ = C (~ê ).
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y{/µ�üxìC­���­¡�ëê­�(ù��ué­¡�1ë
êC�), u´L = N = 0, �M 6= 0(ÄK, ­¡þk²:, 3²:??¿�
�Ñ´ìC��, �K�ØÎ). dK�, ìC­��u½�, Ïd

cos θ =
F√
EG

= a(~ê),

òL = N = 0�\Ì­Ç��§, ��O���ü�Ì­Ç�'�

k1

k2
=

F −
√

EG

F +
√

EG
=

a − 1
a + 1

(~ê).

y{0µ�ëê­���ìC��, KL = N = 0. u´− K
H2 =

EG
F 2 − 1, �ìC��Y�φ�{u�cos φ = F√

EG
. Ïd

− K

H2
=

1
cos2 φ

− 1 = tan2 φ =

(
2 tan φ

2

1 − tan2 φ
2

)2

.

,��¡
− K

H2
= − k1 · k2[

1
2(k1 + k2)

]2 .

¤±

− k1 · k2[
1
2(k1 + k2)

]2 =

(
2 tan φ

2

1 − tan2 φ
2

)2

,

�n�� k1
k2

= − tan2 φ
2 (~�). ¤

20. ¦y�Ú¡�²þ­Ç�".

y²µéu�Ú¡r = {u cos v, u sin v, bv}, d116K�§�ü�Ì­
Ç©O�k1,2 = ± b

u2+b2
. l
, ²þ­ÇH = 1

2(k1 + k2) = 0. ¤

21. O�V­¡z = axy 3:x = y = 0?�²þ­ÇÚpd­Ç.

)µÄk�¦ÑV­¡z = axy 3:x = y = 0?�1�!�aÄ�þ
©O� (�112K�(J )E = G = 1, F = 0; L = N = 0, M = a. òù

Ä�þ�\Ì­ÇkN ��§∣∣∣∣∣ L − kNE M − kNF

M − kNF N − kNG

∣∣∣∣∣ = 0,
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�

k2
N − a2 = 0.

u´, ü�Ì­Ç�k1,2 = ±a, ²þ­ÇÚpd­Ç©O�

H =
1
2
(k1 + k2) = 0,

K = k1 · k2 = −a2.

¤

22. y²4�­¡þ�:Ñ´V­:½²:.

y²µéu4�­¡, kH = 1
2(k1 + k2) = 0, =k1 = −k2.

(1) ek1 = −k2 = 0, K¤k{­Ç�", =L = M = N = 0, ù�­
¡þ�:Ñ´²:.

(2) ek1 = −k2 6= 0, Kk1k2 = −k2
1 < 0, =LN − M2 < 0, ù�­¡

þ�:Ñ´V­:. ¤

23. ¦yXJ­¡þ�²þ­Ç�", KìC��¤���.

y{.µdH = 1
2(k1 + k2) = 0, �k1 = −k2, q÷ìC��kkn = 0,

l
k1 cos2 θ + k2 sin2 θ = 0, u´ tan θ = ±
√

−k1
k2

= ±1. Kθ = ±π
4 ½

2θ = ±π
2 , 
2θ ��ìC­��Y�, ¤±ìC­���.

y{/µ�ìC�3z:éA�ü�ìC���du : dv, δu : δv, K
du
dv + δu

δv = −2M
L ,

du
dv · δu

δv = N
L .

(23.1)

eL = N = 0, Këê­���ìC��, 
�dH = 0�FM = 0, d
uM 6= 0(ÄKÑy²:), l
F = 0, =ìC����.

y�L 6= 0, KdH = 0�E N
L − F 2M

L + G = 0, ò (23.1)ª�\�

Eduδu + F (duδv + dvδu) + Gdvδv = 0,

d=üìC��du : dv Úδu : δv ��, �=ìC����. ¤
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24. 3xoz ²¡þ��±y = 0, (x− b)2 + z2 = a2(b > a), ¿-Ù7z ¶
^=¤)¤�­¡¡���¡, ��¡�ëê�§�

r(θ, ϕ) = {(b + a cos ϕ) cos θ, (b + a cos ϕ) sin θ, a sinϕ},

Ù¥0 ≤ ϕ < 2π, 0 ≤ θ < 2π. ¦��¡þ�ý�:!V­:Ú�Ô:.

)µ��O��¦Ñ

E = a2, F = 0, G = (b + a cos ϕ)2,

L = a, M = 0, N = cos ϕ(b + a cos ϕ),

LN − M2 = a cos ϕ(b + a cos ϕ).

eLN − M2 > 0, =cos ϕ > 0, K0 < ϕ < π
2 9 3

2π < ϕ < 2π �ý�:;

eLN − M2 < 0, =cos ϕ < 0, K π
2 < ϕ < 3π

2 �V­:;

eLN − M2 = 0, =cos ϕ = 0, Kϕ = π
2 ½ϕ = 3π

2 ��Ô:. ¤

25. e­¡�1�Ä�.L«�I = λ2(u, v)(du2 +dv2)�/ª, K¡T
­¡��I­����§�. Áyµ^=­¡r = {g(t) cos θ, g(t) sin θ, f(t)}
þ�3�§�.

y²µ

26. (�CF0�©�[Joachimsthal] ½n) eü­¡S1 ÚS2 �u�
^­�C, 
�C ´S1 ��^­Ç�, KC �´S2 �­Ç��¿�^�´
S1, S2 ÷XC ��¤�½�.

y²µ⇐=) -n,N ©OL«S1 �S2 ÷XC �ü {�þ, KdK�

n · N = ~ê.

þªü>��©�

dn · N + n · dN = 0,

Ï��C ´S1 �­Ç�, dÛ�p� (Rodrigues)úª, ÷C k

−kndr · N + n · dN = 0,
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�dr ´C ����, ¤±dr · N = 0, �n · dN = 0. qÏ�N2 = 1,N ·
dN = 0, u´��dN Ó�R�unÚN , ¤±dN ‖ dr, =dN = −λdr,

dRodriguesúª�Γ´S2 �­Ç�.

=⇒ ) ÷^¿©5y²¥�PÒ, ·���y²n ·N = cos θ = (~ê )

=�. ¯¢þ, Ï�C ´S1 ÚS2 �­Ç�, Kk

dn = −kndr, dN = −kNdr.

u´d(n · N) = 0, l
n · N = ~� . ¤

27. (��A1�[Beltrami] - �S��½n) y²3­¡S þ�V­
:P ?, eü^ìC­�ÑØ´��, K§��¥�^3P :?�LÇ´
√
−K, ,�^3P :?�LÇ´−

√
−K, Ù¥K ´S 3P :?�pd­Ç.

y{.µ�­¡S �ëê�§�r = r(u, v) , ·�Äk5�	S þ��
^É����ìC­�Γ : u = u(s), v = v(s)�LÇ, Ù¥s�l�ëê. 3
LÇ���úªτ = −β · γ̇ ¥, �β = γ × α, Ò�

τ = (α,γ, γ̇).

éuìC­�Γ, �±-γ = ±n (ùpn�­¡÷Γ�ü {¥ ), 2r
α = ṙ �\�

τ = (ṙ,n, ṅ).

5¿�n = ru×rv√
EG−F 2

Ò�±rþãúª�¤

τ =
ru × rv√
EG − F 2

· (ṅ × ṙ).

|^.�KFð�ªÐmm>Ò�

τ =
1√

EG − F 2
[(ruṅ)(rvṙ) − (ruṙ)(rvṅ)].

r ṙ = ruu̇ + rvv̇, ṅ = nuu̇ + nvv̇ �\z{, Ò�Γ�LÇ

τ =
1√

EG − F 2

∣∣∣∣∣∣∣∣
v̇2 −u̇v̇ u̇2

E F G

L M N

∣∣∣∣∣∣∣∣
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y3, éuS þ�V­:P , kLN − M2 < 0, =pd­ÇK < 0, dë
Y5��, 3P :�C, K < 0, Ï
�±3@p�ìC­��ëê­�§u
´L = N = 0, 
pd­Ç

K = − M2

EG − F 2
.

éuu−�, v̇ = 0, ds2 = Edu2, u̇2 = 1
E , ��âc¡¦Ñ�LÇúª, u−�

�LÇ�
√
−K. Ó�év−���LÇ´−

√
−K.

y{/µ k½n`, ­¡þ�^­��ìC­��¿�^�´§��
^��, ½§3z�:���²¡�­¡��²¡­Ü, =γ = ±n, dK�,

Γ´����ìC­�, �Γ�B{�þγ = ±n. (d?n´­¡÷Γ�ü
 {�þ ). Ïd

dγ

ds
= ±dn

ds
, = − τβ = ±dn

ds
,

�
τ2 =

dn

ds
· dn

ds
=

III

I
,

Ù¥I, III L«­¡�1�!nÄ�/ª. 2dÄ�/ª�m��5'X
�III − 2HII + KI = 0, �÷ìC­�II = 0, Ïd III

I = −K, ¤±τ2 = −K.

¤

28. y²XJ­¡þÃ�Ô:K§þ¡�:Ú¥¡�þ�:´��é
A�.

y²µ�­¡Σ : r = r(u, v), (u, v) ∈ D�¥¡�

Σ∗ : r∗ = r∗(u, v) = n(u, v),

Ù¥n(u, v)L«­¡Σ�ü {�þ, K

(r∗)2 = 1,

u´r∗ · r∗
u = r∗ · r∗

v = 0, Ï
r∗
u, r∗

v Ñ�r∗ R�, =r∗
u × r∗

v ²1ur∗. -

r∗
u × r∗

v = λr∗,

K�üà�r∗ �:È, �
λ = (r∗, r∗

u, r∗
v).
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òr∗ = ru×rv√
EG−F 2

�\, �

λ =
1√

EG − F 2
(ru × rv)(r∗

u × r∗
v)

=
1√

EG − F 2
(ru × rv)(nu × nv)

=
1√

EG − F 2
(LN − M2)

u´
r∗

u × r∗
v =

LN − M2

√
EG − F 2

r∗ = K
√

EG − F 2 n.

�e­¡Σþvk�Ô:, r∗
u × r∗

v 6= 0, 3 (u, v) ∈ D���S, Σ�:Ú¥
¡��:Ñ�uv ²¡þ«�DS�:��éA, Ï
Σ�:Ú§�¥¡�
:��éA. ¤
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