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Variational formulas

Given any smoothfamily ofmetrics it is desirable
to compute the variations of all the
associated quantities we summarize them

below for the case when
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Along the Rif we have following improvements
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Proof for the evolution of vol

first ve all that in local coordinates the volume
form
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Recall that
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A for a squarematrixA

where adjA adjugate matrix transpose ofthe
cofactor matrix

The partial derivative of def A w r t i j the
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The proofsfor the evolutions of Rm Ric R and

T for general variations can be done using
the

local coordinate expressionsof these quantitiesand noticing that they are all components of a
tensor r is not but Otp is and hence we

can simplify our calculations by working in
normal coordinates at a point
We did this in detail in the class
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