
First Fundamental Form and Surface Area

~xu · ~xv = |~xu||~xv | cos θ
|~xu × ~xv | = |~xu||~xv | sin θ

area of flat ~xu, ~xv parallelogram

sin θ =
√

1− cos2(θ) =
√

1− ( ~xu ·~xv
|~xu ||~xv |)

2

common denom
=

√
|~xu |2|~xv |2−(~xu ·~xv )2

|~xu |2|~xv |2 =
√

(~xu ·~xu)(~xv ·~xv )−(~xu ·~xv )2

|~xu |2|~xv |2 =
√

EG−F 2

|~xu |2|~xv |2

So area = |~xu||~xv | sin θ =
√

EG − F 2

Let ∆u,∆v → 0 and add up over the entire surface:∫ ∫ √
EG − F 2dudv
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