MAT367 Differential Geometry, Exercises for Lecture March 19

Exterior differential:
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=0+ 2%" Y dy Adx A dz + 0 + 0+ 0+ zycos(zyz) dz A dx A dy
= (—2%"Y + zy cos(zyz)) dz A dy A dz

Contraction (inner product) and Lie derivative:

0
X =e"— + (° +sinz) a=(2* +y*+ 22 dv Adz
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Then
ixa = —(y® +sinx)(2? +y* + 2%) da, da =2ydy ANdex ANdz = —2ydx Ndy ANdz
(there is a typo in the sign of da in the lecture notes), and

Lxa = (ixd+ dix)a = ixda + dixa

=ix(—2ydr Ady Adz)+d(—(y* +sinz)(2? + y* + 22) dw)
= 2e"y dx A dz — 2y(y°® + sinz) dx A dy
(=32 (2 +y* + 25 — 2y(y® +sinz)) dy Adx — 22(y* + sinz) dz A da
= (2e"y + 22(y® 4+ sinz)) do A dz + 3y* (2 + > + 2%) dx A dy.

Pull-backs:

For F : R3 — R? given by (z,v,2) — (u,v) = (y?z,zy) the pull-back of the
2-form e“ du A dv is

F(e"du A dv) = ¢ d(y*2) A d(zy)
= eV (2yzdy + y* dz) A (zdy + y dx)
— el’? (=2y%zdx A dy — xy* dy A dz — 3 da A dz)



