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. Operators on a Riemannian manifold

Definition .CGradient ) Given atvntionf : 14^-1112,
then If is the Vector field which is

uniquely determined by

< Of , × > = ✗(f) , ✗ c-FUMY .
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Definition( Hessian ad Laplacian)
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: Levi-Civita connection
.

Cxii) = ✗(Of , Y > - (Of , 0×4?
= ✗*f) - ✗4) (f)

If is symmetric :
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2.4
. Constructing Riemannian metrics

• Exarate ( Product manifold)

(M
'
✗ N

"

, g +0h ) Riemannian product,
where

8th : TM"④ TNK→ R

g-10h (X ,-14, , at 4) = 9lxi.xu-hCY.it)
✗it Yi C- TM

"
⑦ TNK, i-4,2 .
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y,
-1%(14+14)=0%14+0,4×2 .

✗it Yi C- TM
"
④ TNK, i-4,2 .

In particular , 841 = (Nlt ) , hits)

is a geodesic if 8, , 82 are geodesics
on M ? NK , respectively .
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theorem let CM? 9) be a complete
Riemannian manifold

.

Then F a fullmeasure
subset ④ E M' ✗ M"s.t.lt
Cp , 1) c-④

.
3- Unique minimal

geodesic 8 Connecting p and 9- .
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dicwit) = di =tz¥s)
its c- 8-0 , do]
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7 a geodesic

Is : falls] → 4^+1 with
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