MODERN GEOMETRY, FALL 2017: PROBLEM SET 4
Due Thursday, October 5

Problem 1: Show that the Lie derivative Lx is a derivation, i.e.

Lx(aNnpB)=(Lxa)ANB+aANLxf

for a, B € Q*(M).

Problem 2: Prove the two Cartan formulas relating the Lie derivative L, the
interior product ¢x and the exterior derivative d
a) Lx =dix +ixd

b) Lxiy —iyLx =[x,y

Problem 3: Show that, for M a smooth manifold, X7, ..., X;11 smooth vector

fields on M, and w € QF(M)

k+1
dw(X1,..., Xkp1) = Z(*l)kHXi(w(Xla~--7Xz';---an+1))

=1

+ Z(—l)”jw([Xi,Xj],Xl, o 7Xi7 ce ,X]‘, .o ,Xk+1)

i<j

Problem 4: Using the definition of the Poisson bracket of two functions in

terms of a symplectic 2-form w:

{fvg} = W(vaXg)

(where X is determined by ix,w = df)
show that dw = 0 is equivalent to the Jacobi identity for the Poisson bracket,
i.e. for three functions f, f2, f3 one has

S fobs fa} +{{f3, fu}s Lo} + {{fo, f3}, f1} =0



