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In the following, R™*™ denotes the class of all m x n real matrices. It is a real vector
space with respect to matrix addition and scalar multiplication. Vectors in R™ will be

regarded as column vectors.

1. (a) Let A € R**". Show that if A is symmetric and satisfies Az - z = 0 for all
z € R", then A = 0. (10 points)
(b) Give an example to show that the assumption “symmetric” in (a) is necessary.
(10 points)

2. Let X be the linear subspace of R**3 containing all matrices whose columns add

to 0 € R2. For example, [_12 _22 _43] € X since [_12} + [_22] + [_43J = [g]
Similarly let Y be the subspace of R?*® containing all matrices whose rows add to
0 € R3. Answer the following questions with reasons.

(a) What is the dimension of X. (10 points)

(b) What is the dimension of X + Y. (10 points)
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3. Let A= |1 2 0f. Foru,v € R3, define {u,v) = u Av, then (-,-) is an inner prod-
0 0 2 '
uct on R? (no need to prove it). Under this inner product, find the orthonormal basis

{f1, f2, f3} by applying the Gram-Schmidt process to {(1, 0, O)T, (0,1,0)7, (0,0, 1)T}.
(15 points)

4. In R?, let L be the line y = mz, where m € R. Find the matrix A € R?*? so that
z — Az is the reflection on R? about L. (15 points)
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5. Let A = [c d] eR .Underthemrderedbams{{0 0},[0 0],[1 ol lo 1

of R?%2, compute the 4 x 4 matrix representing the linear transformation M — AM
(left multiplication by A) on R?*2, (15 points)

6. Find an A € R?*? (other than A = I) such that A% = I. (15 points)




