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1. (4 points) Find the solution to the matrix equation� 1 3 �30 1 �4 �24 x1x2x3 35 = � 75 �and write it in parametri
 form.

# S
ore12345678�



2. (8 points) The matri
es A = 24 3 1 11 82 1 9 50 �1 �5 1 35 and B = 24 1 0 2 30 1 5 �10 0 0 0 35 are rowequivalent.(a) Explain why the nonzero rows of B form a basis for Row(A),the row spa
e of A.
(b) Find a basis for Col(A), the 
olumn spa
e of A.
(
) Find a basis for Nul(A), the null spa
e of A.

(d) Find a basis for Row(A)?, the orthogonal 
omplement of the row spa
e of A.Be sure to explain how you know that it is a basis for Row(A)?.



3. (4 points) The set B = f1; 1+ 2t; 1+2t+4t2g is a basis for P2, the ve
tor spa
e ofpolynomials of degree at most two. The polynomial p = 1+4t2 is in P2. Find [p℄B,the 
oordinate ve
tor for p with respe
t to the basis B.



4. (4 points) Let A = 2664 �1 2 102 1 101 2 02 �1 0 3775.Find an orthogonal basis for Col(A), the 
olumn spa
e of A.



5. (8 points) Let W be a subspa
e of Rn with an orthogonal basis BW = fw1;w2; : : : ;wpg,and let BW? = fv1;v2; : : : ;vqg be an orthogonal basis for W?, the orthogonal 
om-plement of W .(a) Explain why S = fw1;w2; : : : ;wp;v1;v2; : : : ;vqg is an orthogonal set.

(b) Explain why the set S spans Rn .

(
) Explain why S is linearly independent.

(d) Explain why dim W + dim W? = n.



6. (8 points) Let A = 24 1 12 32 1 35, and b = 24 53�1 35.(a) Find the least-squares solution x̂ to the matrix equation Ax = b.

(b) Verify that b � Ax̂ is in Col(A)?, the orthogonal 
omplement of the 
olumnspa
e of A.



7. (8 points) Consider the matrix A = 24 5 2 �42 8 2�4 2 5 35. The 
hara
teristi
 polynomialof A is p(�) = ��(9� �)2.(a) Determine the eigenvalues of A.
(b) Find an orthogonal basis for ea
h eigenspa
e of A.

(
) Find an orthogonal matrix P whi
h orthogonally diagonalizes A.



8. (10 points) For ea
h statement, 
ir
le T if it is always True; 
ir
le F if it is everFalse. Please note that there will be a penalty for guessing in
orre
tly: 1 point will beassigned for ea
h 
orre
t response, 0 points for ea
h blank non-response, and 1 pointwill be dedu
ted for ea
h in
orre
t response. No justi�
ation is required.
( T F ) If a square matrix has orthonormal 
olumns, then it also has orthonormalrows.( T F ) If a matrix A is invertible and 1 is an eigenvalue of A, then 1 is aneigenvalue for A�1.( T F ) Ea
h eigenve
tor of an invertible matrix A is also an eigenve
tor of A�1.( T F ) Ea
h eigenvalue of an n� n matrix A is also an eigenvalue of A2.( T F ) Ea
h eigenve
tor of an n� n matrix A is also an eigenve
tor of A2.( T F ) If A and B are invertible n�n matri
es, then AB is similar to BA.( T F ) Row operations on a matrix A 
an 
hange the linear dependen
e relationsamong the rows of A.( T F ) Row operations on a matrix A 
an 
hange the linear dependen
e relationsamong the 
olumns of A.( T F ) Row operations on a matrix A 
an 
hange the null spa
e.( T F ) If a system of linear equations has two di�erent solutions, then it hasin�nitely many solutions.


