
Laplacian:
! t := gmn " m" n t

Rij kl := hik hj l # hil hj k
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" i " j X h # " j " i X h = Rh
ij kX k = (hl j hik # hlkhij )ghl X k

" i " j Yk # " j " i Yk = Rij klglmYm = (hl j hik # hlkhij )glmYm

" k" lZij #" l " kZij = Rmj lkZim + Rmil k Zmj = Zim (hml hj k# hmk hj l )# Zmj (hml hik # hmk hil )

Mainardi-Codazzi equations:

hij ,k = hik ,j = hj k,i

Lemm a 0.1 (Orbits and Stabilizers). If a Þnite group G acts on ! , and
! $ ! , then

Proof. We show that f : G/G ! #% ! G , G! g &#% ! g is a bijection:
well-deÞned:G! g = G! h ' G! gh! 1 = G! ' gh! 1 $ G! ' ! gh! 1

= ! '
! g = ! h .
surject ive: Let ! g $ ! G. Then f (G! g) = ! g .
inject ive: Let ! g = ! h. Then ! gh! 1

= ! ' gh! 1 $ G! ' g $ G! h '
G! g ( G! h, and G! h ( G! g similarly, i.e. G! h = G! g .

In the following we will assumethat G is a Þnite group acting on ! ,
G = )S* with |S| = r and |! | = n.
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Gauss-Weingarten relation:

Covariant derivative:

Simons identit y:

Laplacian:
! t := gmn∇m∇n t

Rijkl := hikhjl − hilhjk

Exchange of two covariant derivativ es:

∇i∇jX h −∇j∇iX h = Rh
ijkX k = (hljhik − hlkhij)ghlX k

∇i∇jYk −∇j∇iYk = RijklglmYm = (hljhik − hlkhij)glmYm

∇k∇lZij−∇l∇kZij = himRmjlk+ hmjRmilk = him(hmlhjk−hmkhjl)−hmj(hmlhik−hmkhil)

Mainardi-Codazzi equations:

hij,k = hik,j = hjk,i

Lemm a 0.1 (Orbits and Stabilizers). If a finite group G acts on ! , and
! ∈ ! , then

Proof. We show that f : G/G ω −→ ! G , Gωg &−→ ! g is a bijection:
well-deÞned:Gωg = Gωh ⇒ Gωgh! 1 = Gω ⇒ gh! 1 ∈ Gω ⇒ ! gh! 1

= ! ⇒
! g = ! h .
surject ive: Let ! g ∈ ! G. Then f (Gωg) = ! g .
inject ive: Let ! g = ! h. Then ! gh! 1

= ! ⇒ gh! 1 ∈ Gω ⇒ g ∈ Gωh ⇒
Gωg⊆ Gωh, and Gωh ⊆ Gωg similarly, i.e. Gωh = Gωg .

In the following we will assumethat G is a Þnite group acting on ! ,
G = 〈S〉 with |S| = r and |! | = n.
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= ! ' gh! 1 $ G! ' g $ G! h '
G! g ( G! h, and G! h ( G! g similarly, i.e. G! h = G! g .

In the following we will assumethat G is a Þnite group acting on Ω,
G = )S* with |S| = r and |Ω| = n.

3

Laplacian:
! t := gmn " m" n t

Rij kl := hik hj l # hil hj k

Exchange of two covariant derivativ es:

" i " j X h # " j " i X h = Rh
ij kX k = (hl j hik # hlkhij )ghl X k

" i " j Yk # " j " i Yk = Rij klglmYm = (hl j hik # hlkhij )glmYm

" k" lZij #" l " kZij = him Rmj lk+ hmj Rmil k = him (hml hj k# hmk hj l )# hmj (hml hik # hmk hil )

Mainardi-Codazzi equations:

hij ,k = hik ,j = hj k,i

Lemma 0.1 (Orbits and Stabilizers). If a Þnite group G acts on ! , and
! $ ! , then

Proof. We show that f : G/G ! #% ! G , G! g &#% ! g is a bijection:
well-deÞned:G! g = G! h ' G! gh! 1 = G! ' gh! 1 $ G! ' ! gh! 1

= ! '
! g = ! h .
surject ive: Let ! g $ ! G. Then f (G! g) = ! g .
inject ive: Let ! g = ! h. Then ! gh! 1

= ! ' gh! 1 $ G! ' g $ G! h '
G! g ( G! h, and G! h ( G! g similarly, i.e. G! h = G! g .

In the following we will assumethat G is a Þnite group acting on ! ,
G = )S* with |S| = r and |! | = n.

3

Laplacian:
! t := gmn " m" n t

Rij kl := hik hj l # hil hj k

Exchange of two covariant derivativ es:

" i " j X h # " j " i X h = Rh
ij kX k = (hl j hik # hlkhij )ghl X k

" i " j Yk # " j " i Yk = Rij klglmYm = (hl j hik # hlkhij )glmYm

" k" lZij #" l " kZij = him Rmj lk+ hmj Rmil k = him (hml hj k# hmk hj l )# hmj (hml hik # hmk hil )

Mainardi-Codazzi equations:

hij ,k = hik ,j = hj k,i

Lemm a 0.1 (Orbits and Stabilizers). If a Þnite group G acts on Ω, and
! $ Ω, then

Proof. We show that f : G/G ω #% ! G , Gωg &#% ! g is a bijection:
well-deÞned:Gωg = Gωh ' Gωgh! 1 = Gω ' gh! 1 $ Gω ' ! gh! 1

= ! '
! g = ! h .
surject ive: Let ! g $ ! G. Then f (Gωg) = ! g .
inject ive: Let ! g = ! h. Then ! gh! 1

= ! ' gh! 1 $ Gω ' g $ Gωh '
Gωg ( Gωh, and Gωh ( Gωg similarly, i.e. Gωh = Gωg .

In the following we will assumethat G is a Þnite group acting on Ω,
G = )S* with |S| = r and |Ω| = n.

3

Laplacian:
! t := gmn∇m∇n t
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Lemma 0.1 (Orbits and Stabilizers). If a finite group G acts on ! , and
! ∈ ! , then

Proof. We show that f : G/G! −→ ! G , G! g &−→ ! g is a bijection:
well-deÞned:G! g = G! h ⇒ G! gh−1 = G! ⇒ gh−1 ∈ G! ⇒ ! gh! 1

= ! ⇒
! g = ! h .
surject ive: Let ! g ∈ ! G. Then f (G! g) = ! g .
inject ive: Let ! g = ! h. Then ! gh! 1

= ! ⇒ gh−1 ∈ G! ⇒ g ∈ G! h ⇒
G! g ⊆ G! h, and G! h ⊆ G! g similarly, i.e. G! h = G! g .

In the following we will assumethat G is a Þnite group acting on ! ,
G = 〈S〉 with |S| = r and |! | = n.
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