
Physics 4674/5674 – Problem set 5

4674 & 5674:

1. C 2.8

2. On an n-dimensional manifold, what can you say about any (n + 1)-form?

3. Let f , g be smooth functions on R2. Show that

df ∧ dg = det

[

∂1f ∂2f

∂1g ∂2g

]

dx1
∧ dx2

4. Determine ω ∧ · · · ∧ ω (n factors), where ω is given by

ω = dx1
∧ dx2 + dx3

∧ dx4 + · · · + dx2n−1
∧ dx2n

5. Show that the two-form ωµνdxµ
∧ dxν is closed if and only if

∂ρωµν − ∂νωµρ + ∂µωνρ = 0

for all µ, ν, ρ.

6. Show that the form

ω =
1

rn

n
∑

µ=1

(−)µ−1xµdx1
∧ · · · ∧ dxµ−1

∧ dxµ+1
∧ · · · ∧ dxn

is closed, where
r2 =

∑

µ

(xµ)2

7. Show that
∇µVν − ∇νVµ = ∂µVν − ∂νVµ

for ∇ torsion-free.

8. C 3.3

9. C 3.5

5674 only: (Lie derivatives problems, see appendix B)

10. Show that, for a tensor field T and vector fields X, Y ,
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(a)

LaX+bY T = aLXT + bLY T

(a, b constants)

(b)

LX (LY T ) − LY (LXT ) = L[X,Y ]T

11. Show that for vector fields X, Y , Z,

LXLY Z + LY LZX + LZLXY = 0

12. Show that for vector fields X, Y and f a function,

LfXY = fLXY − (Y f)X

13. Show that if ω is a p-form,
LX(dω) = d (LXω)
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