(a) Since , we know the range of  is not the whole 3-d space. The range of  is spanned by the following vectors


which are clearly linearly independent. Thus, the vector   that minimizes  is obtained by making  the projection of   down to the 2-d plane spanned by  .
The projection is obtained by

where   is the normal vector of the plane spanned by   . Using cross product to see

It turns out that   and so  lies on the plane. It is then almost trivial to see that  gives an immediate solution to .
(b) From the data point, we have




In matrix form, we have

(Please be aware that “best-fitting” is not a term upon whose definition everyone agrees on. It depends on how you define the best fitting method. I will use the least square method here)
If we rewrite the matrix equation above by The coefficients can be calculated by

which gives 


Q3. (a) If  is eigenvalue of a unitary matrix , let   be its eigenvector. We have

Tanking conjugate transpose of both sides to get 

where  is the conjugate transpose of  (be aware that some people use the dagger † instead of star *). Right-multiply both sides with  to get

The left hand side is simply  since   is the defining property of unitary matrix, and the right hand side is 

which shows 
(b) (P is called the Householder transformation or mirror reflection) To see it is symmetric, we have

To see it is orthogonal, we have


since  as  is a unit vector. 
We see that  is an eigenvalue with eigenvectors being any vector   orthogonal to   since

as  and 
and  is an eigenvalue with eigenvector   since

It doesn’t have other eigenvalues, since the vector  and its orthogonal space (the linear space spanned by all vector orthogonal to ) already spans the whole space, so there won’t be any other eigenvalues. 
