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1 ^�Z� φ : Mn
r → Nn+p

q �'��+ r 2 n ,-6MGM Mn
r /��+ q 2 n + p ,-6MGM Nn+p

q 24%�|. � R̃, ∇φ i ∇ P�+ Nn+p
q 2mIy�, C�( φ∗TNn+p

q�i φ k.2k.>Ki Mn
r �2>K.{f φ 2 2-y<� τ2(φ) L! (	0 [1–2])

τ2(φ) := tr(∇φ∇φ −∇φ
∇)τ(φ) − trR̃(dφ, τ(φ))dφ = 0, (1.1)WO� Mn

r � Nn+p
q 2 2-:i�GM, 

 τ(φ) = tr∇φdφ � φ 2y<�. �`/

τ(φ) = n ~H, 

 ~H � Mn
r 2a(mIC��, _	xD�GM� 2-:i�GM. OxD2 2-:i�GM#���+�� 2-:i�GM.�Z2B��mI+ c 2-6M0�K Nn+p

q (c) 
2�� 2-:i�GM2V  :xl\n2V Jp. 0 [3–9]B Nn+p
q (c) 
%4�GM2O)uQ2 �OBbM2V , �h1/BSE�.2�J.�� 2-�GM2P42 �E\�[V / , _{0 [10–11] u��jM71/B\G`A2P4�f. 	0
+H Lorentz 0�K Nn+1

1 (c) 
�� 2-:i�mQ Mn
r

(r = 0, 1)2P4. u���mQ2M���2xDE��2��
E�?&2f�7, 1/B%4�mQ2\X(qP4�f. $!7, �8�SB2B 1.1 � Mn
r (n > 2) � Lorentz0�K Nn+1

1 (c) 
2 2-:i�mQ. {f Mn
r 2M���2xDE��2��
E� 2, WO Mn

r 2a(mI���.j 1.1 - c = 0, <7 1.1 2�f℄��S, ?	0 [12, <7 4.2].
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64 � U [ * A z 39 '9h<7 1.1, 1/B^7P4�f.2B 1.2 � Mn
r (n > 2) � Lorentz 0�K Nn+1

1 (c) 
2�� 2-:i�mQ. ��
Mn

r 2M���2xDE��2��
E� 2, x c 6= 0. �\�,

(i) - c > 0 �, r = 1 h Mn
1 �\XM���+


±√
c 0 · · · 0

1 ±√
c · · · 0

...
...

. . .
...

0 0 · · · ±√
c


2bad�mQ, t S

n
1 (2c)2\X)�P, t S

n1
r1
(c1)×S

n−n1

1−r1
(c2)(n1 6= n−n1, r1 = 0, 1)2\X)�P,

 c1i c2 �L! 1

c1
+ 1

c2
= 1

c
, n2

1c1+(n−n1)
2c2 6= n2ci n1c1+(n−n1)c2 =

2nc 2?X���.

(ii)- c < 0�, r = 0hMn � H
n(2c),t H

n1(c̃1)×H
n−n1(c̃2)(n1 6= n−n1)2\X)�P,

 c̃1 i c̃2 �L! 1

c̃1
+ 1

c̃2
= 1

c
, n2

1c̃1+(n−n1)
2c̃2 6= n2ci n1c̃1+(n−n1)c̃2 = 2nc2?XS��.j 1.2 - n = 2 �, <7 1.2 2�f℄� Sasahara u0 [11] 
�S. 
%, 	0	B

n > 2 2jMV .j 1.3 i<7 1.2 -	, Bl Lorentz-Minkowski 0�
2 2-:i�mQ Mn
r , {f
M���2xDE��2��
E� 2, WO Mn

r �xD2. T�J℄� Ferrández 4uu0 [12] 
�S.��, BY<2 n �N� B, {fE�� f(x) = xs + a1x
s−1 + · · ·+ as �1

f(B) = Bs + a1B
s−1 + · · ·+ asI = 0,WO� f(x) +N� B 2DrE��, 

 I i 0 P�� n �,/"�iD"�. u B 2�jDrE��
, ��#6h��6�+ 1 2DrE���+ B 2xDE��, �+

µB(x).{f Lorentz 0�K
�mQ Mn
r 2M���2xDE��$jM� (x − λ)2 t{

(x− λ)3, WO� Mn
r �\Xbad�mQ (	0 [13]). `l Lorentz 0�K
bad�mQ2:�, ?	0 [12–14].�XI:bad�mQ$jOB�rM���hj>%2�mI. Bl<7 1.2
���2
��mQ, Z# [15] -� S

n
1 (2c) i H

n(2c) �qd2, Sn1
r1
(c1) × S

n−n1

1−r1
(c2) (r1 =

0, 1) i H
n1(c̃1) × H

n−n1(c̃2) $j-B�rM���hj?X�%�mI, }}G>��bad�mQ.

2 `'eL� Nn+1
1 (c) � (n + 1)-,��mI+ c 2 Lorentz 0�K. - c > 0, c = 0 t c < 0�, Nn+1

1 (c) P���+ de Sitter 0� S
n+1
1 (c), Lorentz-Minkowski 0� L

n+1 t anti-de

Sitter 0� H
n+1
1 (c).
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+ Nn+1
1 (c) $j��mI c, �^
mIy� R̃ +

R̃(X,Y )Z = c(〈Y, Z〉X − 〈X,Z〉Y ).� Mn
r (r = 0, 1) � Nn+1

1 (c) 
2�mQ. r< ∇ i ∇̃ P��
 Mn
r i Nn+1

1 (c) �2 Levi-Civita >K. Bl Mn
r �2w`apgC�� X,Y , Gauss \�+

∇̃XY = ∇XY + h(X,Y ),

 h�Mn
r 28Hu	M�. � Aξ �Mn

r `l,/JC� ξ2M���,xWeingarten\�-�
�{7M�
∇̃Xξ = −Aξ(X).��, h i Aξ $j{7`6

〈h(X,Y ), ξ〉 = 〈Aξ(X), Y 〉. (2.1)}� H = 〈ξ,ξ〉
n

traceAξ +�mQ Mn
r 2a(mI, xa(mIC�� ~H = Hξ.� X,Y, Z � Mn

r �2apgC��, D � Mn
r 2J>K. x8Hu	M� h 2HÆ.� ∇̃Xh <a{7

(∇̃Xh)(Y, Z) = DXh(Y, Z)− h(∇XY, Z)− h(Y,∇XZ), (2.2)l� Codazzi N"+
(∇̃Xh)(Y, Z) = (∇̃Y h)(X,Z).u Nn+1

1 (c) �To!�-6M���Æu {e1, · · · , en, en+1}, } εA = 〈eA, eA〉 = ±1,

1 6 A 6 n + 1, �<�/ Mn
r �, {e1, · · · , en} � Mn

r 2g���, en+1 � Mn
r 2J���. � {ωi}ni=1 i ωA

B, 1 6 A,B 6 n + 1 P�+ {ei}ni=1 2B^ 1-M�i>KM�, x ∇̃eA =
n+1∑
B=1

εBω
B
AeB, ωA

B = −ωB
A , 1 6 A,B 6 n + 1. Z# Gauss \�, Bl

i, j = 1, 2, · · · , n, j
∇eiej =

n∑

k=1

εkω
k
j (ei)ek, ωi

j = −ω
j
i . (2.3)�

h(ei, ej) = εn+1hijen+1. (2.4)l� Mn
r 2�℄N"+ (	 [16, p.52])

dωi = −
n∑

j=1

εjω
i
j ∧ ωj ,

dωi
j =

1

2

n∑

k,l=1

εn+1(hikhjl − hilhjk)ω
k ∧ ωl −

n∑

k=1

εkω
i
k ∧ ωk

j +
1

2

n∑

k,l=1

R̃i
jklω

k ∧ ωl,

(2.5)

 R̃(ei, ej)ek =
n∑

l=1

εlR̃
i
jklel.Bl Mn

r �2aph� f , Laplacian �� ∆ $hu f ��{7<a
∆ f = −

n∑

i=1

εi(eiei −∇eiei)f. (2.6)
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NJ, 4�7-�1^7`
d7.℄B 2.1 � φ : Mn
r → Nn+1

1 (c) �4%�|. x Mn
r � 2-:i�mQ-h�-




−∆H −H(εn+1‖An+1‖2 − nc) = 0,

nεn+1H∇H + 2An+1(∇H) = 0,
(2.7)

, Bl Mn

r �2Æ-���Æ��� {e1, e2, · · · , en},

‖An+1‖2 =

n∑

i=1

εi〈An+1(An+1(ei)), ei〉, ∇H =

n∑

i=1

εiei(H)ei.
 Tw Mn
r 2\X���Æu e1, e2, · · · , en, �1 dφ(e1), · · · , dφ(en), en+1 �<au Mn

r �2 Nn+1
1 (c) 2>f���Æ���[17] , 

 en+1 � Mn

r 2\X!�,/JC��, dφ � TMn
r /�2B2m4g�. x

~H = Hen+1, H =
εn+1

n
traceAn+1, An+1 = Aen+1

. (2.8)�`/, Bl Mn
r 2apgC�� X , Y iapC�� W , j^74�

dφ(X) = X, ∇φ
X(dφ(Y )) = ∇̃XY, ∇φ

XW = ∇̃XW, (2.9)x9h Gauss \�1
τ(φ) =

n∑

i=1

εi

(
∇φ

ei
(dφ(ei))− dφ(∇eiei)

)
=

n∑

i=1

εih(ei, ei) = nHen+1. (2.10)� ∆̃ = −trace(∇̃∇̃ − ∇̃∇), 9h Weingarten \�, �l (2.9) i (2.10) �{7~�1
τ2(φ) =

n∑

i=1

εi(∇φ
ei
∇φ

ei
τ(φ) −∇φ

∇ei
ei
τ(φ) − R̃(dφ(ei), τ(φ))dφ(ei))

= n

n∑

i=1

εi(eiei(H)en+1 + 2ei(H)∇̃eien+1 +H∇̃ei∇̃eien+1

−∇eiei(H)en+1 −H∇̃∇ei
eien+1 −HR̃(dφ(ei), en+1)dφ(ei))

= −n(∆H)en+1 − 2nAn+1(∇H)− nH∆̃en+1

− nH

n∑

i=1

εiR̃(dφ(ei), en+1)dφ(ei). (2.11)9s,

−nH

n∑

i=1

εiR̃(dφ(ei), en+1)dφ(ei) = n2cHen+1. (2.12)7Q, P�~� (2.11)�
 (−∆̃en+1)2gC�PiJC�P. �8, Z#Weingarten\�, i (2.2) �-1 (−∆̃en+1) 2gC�P+
(−∆̃en+1)

⊤ =

n∑

i,k=1

εiεk〈∇̃ei∇̃eien+1 − ∇̃∇ei
eien+1, ek〉ek

= −
n∑

i,k=1

εiεk〈(∇̃eih)(ek, ei), en+1〉ek. (2.13)
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r �Tw!�J&�6, 9h Codazzi N", Z# (2.13) �-1

(−∆̃en+1)
⊤ = −

n∑

i,k=1

εiεk〈(∇̃ekh)(ei, ei), en+1〉ek

= −
n∑

i,k=1

εiεkek〈h(ei, ei), en+1〉ek = −nεn+1∇H. (2.14)E', t&9h Weingarten \�, ��~�-^1/ (−∆̃en+1) 2JC�P+
(−∆̃en+1)

⊥ = εn+1

n∑

i=1

εi〈∇̃ei∇̃eien+1 − ∇̃∇ei
eien+1, en+1〉en+1

= εn+1

n∑

i=1

εi〈∇̃ei(−An+1(ei)), en+1〉en+1

= −εn+1

n∑

i=1

εi〈h(An+1(ei), ei), en+1〉en+1 = −εn+1‖An+1‖2en+1. (2.15)
 (2.12), (2.14) i (2.15) �+| (2.11) �, 9hN" (1.1) j
(−∆H − εn+1H‖An+1‖2 + ncH)en+1 = 2An+1(∇H) + nεn+1H∇H. (2.16)��gC�PiJC�P, d7 2.1 1�.

3 \WEm	�Y$ de Sitter 0� S
n+1
1 (c) i anti-de Sitter 0� H

n+1
1 (c) 
2�� 2-:i�mQ2:�, �2M��� An+1 2xDE�� µAn+1

(x) 2��
E+?&.D 3.1 � Mn
1 � de Sitter 0� S

n+1
1 (c) 
2bad�mQ. u Mn

1 �To-���Æu, �1 〈u1, u2〉 = 〈ui, ui〉 = 1, i = 3, · · · , n; 〈u1, u1〉 = 〈u2, u2〉 = 〈ui, uj〉 = 0,

i 6= j = 1, 2, · · · , n. i0; [12] j
An+1 =




±√
c 0 · · · 0

1 ±√
c · · · 0

...
...

. . .
...

0 0 · · · ±√
c




.z_~� An+1 2��E��+ (x− (±√
c))n, �h

An+1 − (±
√
c)I =




0 0 0 · · · 0

1 0 0 · · · 0

0 0 0 · · · 0
...

...
...

. . .
...

0 0 0 · · · 0




6= 0;

(
An+1 − (±

√
c)I
)2

= 0.��"�2��E��\<��2DrE��, ^ µAn+1
(x) = (x − (±√

c))2, }xDE�� µAn+1
(x) 2��+ 2.



68 � U [ * A z 39 ':u, Z#u u1, · · · , un ℄v Mn
1 2\X-6M���Æu e1, · · · , en, �1

e1 =
u1 + u2√

2
, e2 =

u1 − u2√
2

, ek = uk, ∀k = 3, 4, · · · , n,z_Y� e2 �4�2, ei ( i = 1, 3, · · · , n) �402, h An+1 `l���Æu {ei} $j{7M�



±√
c+

1

2

1

2
0 · · · 0

−1

2
±√

c− 1

2
0 · · · 0

0 0 ±√
c · · · 0

...
...

...
. . .

...

0 0 0 · · · ±√
c




.

�`/ εn+1 = 1, ��~�-1 H = ±√
c(OD��) i εn+1‖An+1‖2 = nc, }�S 2-:iN" (2.7) m�;. 
% Mn

1 � S
n+1
1 (c) 
 µAn+1

(x) 2��+ 2 2�� 2-:i�mQ.D 3.2 � S
n
1 (2c) � de Sitter 0� S

n+1
1 (c) 
2�mQ. i0 [15] � An+1 = ±√

cI,

εn+1 = 1, 

 I �m4��. 9h: 3.1 
~� µAn+1
(x) 2>%NJ, _1 µAn+1

(x) =

x− (±√
c).E', �X~�1 H = ±√

c i εn+1‖An+1‖2 = nc. #%-	 (2.7) �m�;. �^
S
n
1 (2c) � S

n+1
1 (c) 
 µAn+1

(x) 2��+ 1 2�� 2-:i�mQ.D 3.3 � S
n1
r1
(c1)× S

n−n1

1−r1
(c2) (r1 = 0, 1) � de Sitte 0� S

n+1
1 (c) 
2�mQ, 

�� c1, c2 L! 1

c1
+ 1

c2
= 1

c
. Z#0 [15] -1

An+1 = ±(
√
c1 − c In1

⊕ (−
√
c2 − c )In−n1

), (3.1)

 In1
i In−n1

�?Xm4��. x ±√
c1 − c i ∓√

c2 − c � S
n1
r1
(c1)× S

n−n1

1−r1
(c2) 2?X�%�mI, h
��P�+ n1 i n− n1. �

λ = ±
√
c1 − c, µ = ∓

√
c2 − c. (3.2)�X~�1

µAn+1
(x) = (x− λ)(x − µ).��

n2
1c1 + (n− n1)

2c2 6= n2c. (3.3)

n1c1 + (n− n1)c2 = 2nc. (3.4)9h 1
c1

+ 1
c2

= 1
c
, i (3.2) �j

λµ = −c,�l (2.8), (3.2) i (3.3) �, 3PI:
n2H2 = n2

1c1 + (n− n1)
2c2 − n2c 6= 0,



1 b ��= F�� Lorentz 1�LÆ�� 2-;j�nR3Q5 69} H �\XOD��. %', �l (3.1), (3.2) i (3.4) �j
εn+1‖An+1‖2 = nc.^����1 2-:iN" (2.7) �;. ^ S

n1
r1
(c1)× S

n−n1

1−r1
(c2) � S

n+1
1 (c) 
 µAn+1

(x) ��+ 2 2�� 2-:i�mQ.D 3.4 � H
n(2c) � anti-de Sitter 0� H

n+1
1 (c) 
2�mQ. xM��� An+1 =

±
√
−cI(	0 [15]) ^| εn+1 = −1. 4�: 3.2 2�J-� H

n(2c) � anti-de Sitter 0�
H

n+1
1 (c) 
 µAn+1

(x) 2��+ 1 2�� 2-:i�mQ.D 3.5 � H
n1(c̃1)×H

n−n1(c̃2) � anti-de Sitter 0� H
n+1
1 (c) 
2�mQ, 

��

c̃1, c̃2 L! 1
c̃1

+ 1
c̃2

= 1
c
. i0 [15] -�
An+1 = ±(

√
c− c̃1 In1

⊕ (−
√
c− c̃2 )In−n1

),x H
n1(c̃1) ×H

n−n1(c̃2) 2?X�%�mI� ±
√
c− c̃1 i ∓

√
c− c̃2, h
��P�+ n1i n− n1. _1 µAn+1

(x) 2��+ 2.��
n2
1c̃1 + (n− n1)

2c̃2 6= n2c,

n1c̃1 + (n− n1)c̃2 = 2nc.9hn: 3.3 
>%2�JNJ-1 H
n1(c̃1)×H

n−n1(c̃2) � H
n+1
1 (c) 
 µAn+1

(x) 2��+ 2 2�� 2-:i�mQ.

4 3C 1.1 0dHi��, An+1 2xDE��2��
E+ 2 h n > 2, �^ An+1 �{7~�-Y2M��\ (	0 [12]):

(I):




λ 0 · · · 0

1 λ · · · 0
...

...
. . .

...

0 0 · · · λ




, (II):




λ 0 · · · 0

0 λ · · · 0
...

...
. . .

...

0 0 · · · λ




, (III):

(
λIm 0

0 µIn−m

)
(λ 6= µ),

 m i n−m P�+�mI λ i µ 2��.

4.1 YkNl=_YM (I) : (II) .JYIP 4.1 � Mn
r (n > 2) � Nn+1

1 (c) 
2 2-:i�mQ. {fM���$jM� (I)t (II), WO Mn
r 2a(mI���.
 K� Mn
r 2a(mI H ����, x)uUX)�{ U ⊂ Mn

r , �1u
�
∇H 6= 0. 9h (2.7) �
8H�-� −nεn+1H

2 �X�NC ∇H 2�mI, ��\�Q, �
λ = −nεn+1H

2
. (4.1)



70 � U [ * A z 39 '{fM���$jM� (I). ToÆ-2-6M���Æu (?	: 3.1), �1
An+1 =




λ+
1

2

1

2
0 · · · 0

−1

2
λ− 1

2
0 · · · 0

0 0 λ · · · 0
...

...
...

. . .
...

0 0 0 · · · λ




.

x9h (2.8) i (4.1) �, ��~�
1 H = 0, ND.{fM���$jM� (II),WOi (2.8)�_1 H = εn+1λ. �l (4.1)�j n+2
2 H =

0, } H = 0, ND. T 4.1 1�.

4.2 YkNl=_YM (III) .JYIP 4.2 � Mn
r (n > 2) � Nn+1

1 (c) 
2 2-:i�mQ. {fM���$jM�
(III), WO Mn

r 2a(mI���.
 K�a(mI H ����, xu Mn
r �)u\X)�{ U , �1u U � ∇H 6= 0.Z# (2.7) �
28 2 �-� −nεn+1

2 H �X�NC ∇H 2�mI. ��\�Q, � λ =

−nεn+1

2 H .
+ An+1 $jM� (III), �^u U �To\X-6M���Æ��� {eA}n+1
A=1, �1 e1 ‖ ∇H , e1, e2, · · · , em �Bf�mI+ λ 2�NC, em+1, em+2, · · · , en �Bf�mI+ µ 2�NC, ^| en+1 � U 2JC��, }

An+1(ei) = λiei, i = 1, 2, · · · , n, (4.2)

 λ1 = λ2 = · · · = λm = λ, λm+1 = λm+2 = · · · = λn = µ. x
nH = εn+1(mλ+ (n−m)µ). (4.3)n%%�, Bl�%2 i, j(= 1, 2, · · · , n), i (2.1) �-1

h(ei, ei) = εn+1εiλien+1, h(ei, ej) = 0. (4.4)9h Weingarten \�,(2.2), (2.3) i (4.4) �, Bl�%2 i, j (= 1, 2, · · · , n), j
(∇̃eih)(ej , ej) = εn+1εjei(λj)en+1i

(∇̃ejh)(ei, ej) = εn+1ω
j
i (ej)(λi − λj)en+1.Z# Codazzi N" (∇̃eih)(ej , ej) = (∇̃ejh)(ei, ej) 1

εjei(λj) = ω
j
i (ej)(λi − λj). (4.5)4�7, Bl�%2 i, j, l(= 1, · · · , n), i Codazzi N" (∇̃eih)(ej , el) = (∇̃ejh)(ei, el), �g~�j

ωl
j(ei)(λl − λj) = ωl

i(ej)(λl − λi). (4.6)



1 b ��= F�� Lorentz 1�LÆ�� 2-;j�nR3Q5 71�`/ e1 ‖ ∇H , x ei(H) = 0 (i = 2, 3, · · · , n), h
∇H =

n∑

i=1

εiei(H)ei = ε1e1(H)e1. (4.7)AW m = 1. K� m > 1, x An+1(e1) = λe1, �h)u\X_<�� α (1 < α 6 m),�1 An+1(eα) = λeα. o i = 1 i j = α +| (4.5) �-1 e1(λ) = 0, �l λ = −nεn+1

2 Hj e1(H) = 0, xZ# (4.7) �-� ∇H = 0, ND.:u m = 1, λ = −nεn+1

2 H , i (4.3) �j
µ =

3nεn+1

2(n− 1)
H. (4.8)u (4.5) �
, o i = 1 i j = α > 1, �h9h (4.8) ��~�-1

3εαe1(H) = −(n+ 2)Hωα
1 (eα),}

ωα
1 (eα) = −3εαe1(H)

(n+ 2)H
. (4.9)+B(�T 4.2 2�S, 3P�S^7d7.℄B 4.1 u�����7, j

ε1He1e1(H)− 3ε1(n− 1)

n+ 2
(e1(H))2 − εn+1(n+ 8)n2

4(n− 1)
H4 + ncH2 = 0, (4.10)

He1e1(H)− 3ε1 + εα(n+ 2)

εα(n+ 2)
(e1(H))2 +

εn+1ε1(n+ 2)n2

4(n− 1)
H4 +

ε1(n+ 2)

3
cH2 = 0. (4.11)
 9h (2.6), (4.7) i (4.9) �, z_�Y

H∆H = −Hε1e1e1(H) +
3(n− 1)ε1
(n+ 2)

(e1(H))2. (4.12)E', 9h (2.7) �
28\�,(4.2) i (4.8) �, ��~�1
∆H =

(
nc− εn+1(n+ 8)n2

4(n− 1)
H2
)
H,

+| (4.12) �
1N" (4.10).�`/ eα(H) = 0, α = 2, 3, · · · , n. o i = α i j = 1 +| (4.5) �, j ω1

α(e1) = 0. ^
ω1
i (e1) = 0, i = 1, 2, · · · , n. (4.13)u (4.6) �
, o i = 1, j = α i l = β(6= α), �X1/

ω
β
1 (eα) = 0, α, β = 2, · · · , n. (4.14)�l (4.9), (4.13) i (4.14) �j
e1(H)ωα =

−εα(n+ 2)H

3
ωα
1 .B
?��O'*P}1

de1(H) ∧ ωα + e1(H)dωα =
−εα(n+ 2)

3
(dH ∧ ωα

1 +Hdωα
1 ). (4.15)



72 � U [ * A z 39 '\NQ, 9h (2.5) 
28\�i (4.13) �1



de1(H) ∧ ωα(e1, eα) = e1e1(H),

dωα(e1, eα) = −
n∑

i=1

εiω
α
i ∧ ωi(e1, eα) = ε1ω

α
1 (eα),

dH ∧ ωα
1 (e1, eα) = e1(H)ωα

1 (eα).

(4.16)E\NQ, Z# (2.4) i (4.4) �, ^| (2.5) 
28H�j
dωα

1 =

n∑

j,l=1

εn+1hαjh1lω
j ∧ ωl −

n∑

j=1

εjω
α
j ∧ ω

j
1 +

1

2

n∑

j,l=1

R̃α
1jlω

j ∧ ωl

= −
n∑

j

εjω
α
j ∧ ω

j
1 + εn+1ε1εα(λµ− εn+1c)ω

α ∧ ω1, α > 1.�l (4.13) i (4.14) �-1
dωα

1 (e1, eα) = εn+1ε1εα

( 3n2H2

4(n− 1)
+ εn+1c

)
. (4.17)
 (4.16)–(4.17) �+| (4.15) �-1N" (4.11), 'G(�Bd7 4.1 2�S.s/T 4.2 2�S, +H e1 2w`\"wPm= γ, h� H ′, H ′′ P�+ H Xm=

γ 2\�iH�.�. WOXm= γ, (4.10) i (4.11) �P�Æ+
HH ′′ − 3(n− 1)

n+ 2
(H ′)2 − εn+1ε1(n+ 8)n2

4(n− 1)
H4 + ε1ncH

2 = 0 (4.18)i
HH ′′ − 3ε1εα + (n+ 2)

n+ 2
(H ′)2 +

εn+1ε1(n+ 2)n2

4(n− 1)
H4 +

ε1(n+ 2)

3
cH2 = 0. (4.19)Y (4.18) i (4.19) �?�P�%!^ −(3ε1εα + (n + 2)) i 3(n− 1), so

>�1/7Q`l H 2�6�N"

C1HH ′′ + C2H
4 + C3H

2 = 0, (4.20)


C1 = 2n− 3ε1εα − 5,

C2 =
3εn+1ε1(n− 1)(n+ 2)n2 + εn+1(3εα + ε1(n+ 2))(n+ 8)n2

4(n− 1)
,

C3 = (ε1(n− 1)(n+ 2)− (3εα + ε1(n+ 2))n)c.�`/~p�" (εn+1, ε1, εα) 2o�	Y+{7 4 �-Y2jM:

(1, 1, 1), (1, 1,−1), (1,−1, 1), (−1, 1, 1).�X�YBl^�wk\�jM>j C2 6= 0.

(i) {f C1 = 0, WO (4.20) ��S, X e1 2wPm= γ, H ���, }u U �
e1(H) = 0, xi (4.7) �-�u U � ∇H = 0, }�\XND.

(ii) {f C1 6= 0, Y (4.20) �?�%!^ H′

H
, soX γ B%�fwP-1

C1(H
′)2 +

C2

2
H4 + C3H

2 + C = 0, (4.21)
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 C �\X��. E', Y (4.18) �?�%!^ (−1), so

n (4.19) �>�
j
C̃1(H

′)2 + C̃2H
4 + C̃3H

2 = 0, (4.22)


C̃1 =

C1

n+ 2
,

C̃2 =
εn+1ε1(n+ 5)n2

2(n− 1)
,

C̃3 =
2ε1(1 − n)

3
c.%�, Y (4.21) �?�%!^ 1

n+2 , Y (4.22) �?�%!^ (−1), 
}?X�f>�, #�1/{7`l H 2�6�N"
C2 − 2(n+ 2)C̃2

2(n+ 2)
H4 +

C3 − (n+ 2)C̃3

n+ 2
H2 +

C

n+ 2
= 0. (4.23)4� C2 6= 0 2P4�J, �X�Y

C2 − 2(n+ 2)C̃2

2(n+ 2)
6= 0,x (4.23) ��Sa(mI H �\X�6�N"2�, �^ H X e1 2wPm= γ �\X��, ^u U �

e1(H) = 0.�\�, j ∇H = 0, ND.3P(�BT 4.2 2�S.#o, �lT 4.1 iT 4.2, 
(�B<7 1.1 2�S.

5 3C 1.2 0dH
 Z#<7 1.1, (2.7) �-�r+
εn+1‖An+1‖2 − nc = 0. (5.1)�`/M��� An+1 �{7 3 �-Y2M��\:

(I):




λ 0 · · · 0

1 λ · · · 0
...

...
. . .

...

0 0 · · · λ




, (II):




λ 0 · · · 0

0 λ · · · 0
...

...
. . .

...

0 0 · · · λ




, (III):

(
λIn1

0

0 µIn−n1

)
(λ 6= µ).7Q, 
P�Z#M� (I), (II) t (III) 2(�<7 1.2 2�S.JY (i) M���$jM� (I).�8, z_~�1 µAn+1

(x) = (x − λ)2, } Mn
1 � Nn+1

1 (c) 
2\Xbad�mQ.x9h4�l: 3.1 
2NJ, -ToÆ-2-6M���Æu {e1, e2, · · · , en}, 

 e2
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m�402, �1 An+1 $j^7M�:

(I) :




λ+
1

2

1

2
0 · · · 0

−1

2
λ− 1

2
0 · · · 0

0 0 λ · · · 0
...

...
...

. . .
...

0 0 0 · · · λ




,

�`/ εn+1 = 1, x
‖An+1‖2 = nλ2,

+| (5.1) �j

λ2 = c. (5.2)AW c > 0. Rx c = 0, �l (2.8) i (5.2) �-� H = 0, ND. 
+ c > 0, �^i
(5.2) �1/ λ = ±√

c.JY (ii) M���$jM� (II).Z# (5.1) �-1
εn+1λ

2 − c = 0. (5.3)AW c 6= 0. K� c = 0, xi (5.3) �-� λ = 0, }`.� H = 0, ND.{f c > 0, WOi (5.3) �1 εn+1 = 1(} r = 1) i λ2 = c (OD��). xZ# [15,<7 5.1] 
jM (I) -� Mn
1 � S

n
1 (2c) 2\X)�P.{f c < 0, WOi (5.3) �1 εn+1 = −1(} r = 0) i λ2 = −c(OD��). xZ#

[15, <7 5.1] 
jM (I) -� Mn � H
n(2c) 2\X)�P.JY (iii) M���$jM� (III).Z# (5.1) �1/

εn+1

(
n1λ

2 + (n− n1)µ
2
)
= nc. (5.4)9hnjM (ii) 4�2�J-� c 6= 0.{f c > 0, WO9h (5.4) �-1 εn+1 = 1(} r = 1), ^|

n1λ
2 + (n− n1)µ

2 = nc. (5.5)E', i (2.8) �-�
n1λ+ (n− n1)µ = nH(6= 0). (5.6)^����S λ i µ ���. 
%, Z# [15, <7 5.1] 
jM (II) 
� Mn

1 � S
n1
r1
(c1)×

S
n−n1

1−r1
(c2) 2\X)�P, 

 c1 = c+ λ2, c2 = c+ µ2 i c + λµ = 0, �l (5.5) i (5.6)�-^1/ n1c1 + (n− n1)c2 = 2nc i n2

1c1 + (n− n1)
2c2 6= n2c.���, n1 6= n− n1. Rx, 9h (5.5) i (5.6) �_1 λ2 +µ2 = 2c i λ+ µ = 2H , �`/ c+ λµ = 0, �,~�-1 H = 0, ND.



1 b ��= F�� Lorentz 1�LÆ�� 2-;j�nR3Q5 75{f c < 0, WOi (5.4) �1/ εn+1 = −1, } r = 0. �gnjM c > 0 4�2P4, i [15, <7 5.1] 
2jM (II) -� Mn � H
n1(c̃1) × H

n−n1(c̃2) 2\X)�P, 


c1 = c− λ2, c2 = c− µ2 i c− λµ = 0. 
+ εn+1 = −1, �^ (5.5) i (5.6) �Æ+

n1λ
2 + (n− n1)µ

2 = −nc, n1λ+ (n− n1)µ = −nH(6= 0).9h��?XN", �X~�1 n1c̃1 + (n − n1)c̃2 = 2nc, n2
1c̃1 + (n − n1)

2c̃2 6= n2c i
n1 6= n− n1.3P(�B<7 1.2 2�S. * � > � S � U
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