
Homework 2. January 16, 2017.

1. Suppose X ⊂ M is a submanifold. The co-normal bundle N∗S over S is the sub-bundle of T ∗M |S
that annihilates the tangent bundle TS. Show that the co-normal bundle is a Lagrangian submanifold
of T ∗M .

2. Suppose (M1, ω1), (M2, ω2) are symplectic manifolds. Define a two-form ω̃ on the product M1×M2 as

ω̃ := pr∗1 ω1 − pr∗2 ω2,

where pri : M1 ×M2 → Mi is a projection map for i = 1, 2. Show that

(a) ω̃ is a symplectic form.

(b) A diffeommorphism φ : M1 → M2 is a symplectomorphism if and only if its graph Γφ ⊂ (M1 ×
M2, ω̃) is a Lagrangian submanifold.

3. Suppose M is a compact Riemannian manifold, and let 〈·, ·〉 : Ω∗(M) × Ω∗(M) → R be the induced
inner product on forms. Define the operator d∗ : Ωk(M) → Ωk−1(M) as d∗ := (−1)n(k+1)+1 ∗d∗, where
∗ is the Hodge star. Show that 〈dα, β〉 = 〈α, d∗β〉 for all forms α ∈ Ωk−1(M), β ∈ Ωk(M).
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