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Question 1– [3 points] Show that an affine transformation T is an isometry if and only if its linear part

is an orthogonal matrix.
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Question 2– [3 point] Show that 2 × 2 matrix A is orthogonal if and only if

A =

(
cos(θ) − sin(θ)
sin(θ) cos(θ)

)
, or A =

(
cos(θ) sin(θ)
sin(θ) − cos(θ)

)
,

for some θ.
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Question 3– Prove the following equalities.

a) (1 point) 〈u × v,w × z〉 = 〈u,w〉〈v, z〉 − 〈v,w〉〈u, z〉.

b) (1 point) ‖u × v‖2 = ‖u‖2‖v‖2 − 〈u, v〉2.

c) (2 points) u × (v × w) + v × (w × u) + w × (u × v) = 0. This identity is called the Jacobi identity

Remark: Distributivity, linearity and Jacobi identity show that the R3 vector space together with vector
addition and the cross product forms a Lie algebra. This is very important concept in geometry.
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