No em er 1996 Profs. S. Lee and M. Hopkins MASSA CHUSETTS INSTITUTE OF TECHNOLOGY Hour Exam for Course 18.06: Linear Algebra Recitation Instructor: Recitation Time: our Name: SOLUTIONS Lecturer: Grading 1. 16 2. 28 3. 36 4. 20 TOT AL: 100 Do all our ork on these pages. No calculators or notes. Please ork carefully and hec our in termediate results whenev er ossible. oin alues (total of 100) are mark ed on the left margin. 1. Let 1a. det 24 [8] Obtain an upper triangular matrix via two, row exchanges. Exchange rows and 4; exchange rows and 3. Two row exchanges: determinant does not change sign. Determinant of the upper triangular matrix is (1)(2)(3)(4) 24 1b. det [8] det det 24 16 2. Let 13 12 12 13 2a. Find the eigen alues of [8] det �I (13 )(13 144 26 25 25)( 1) 25 2b. Find the eigen ectors of [8] Solve 25 and 2c. Find matrix suc that [12] There are four, different answers for where the columns of contain the eigenvectors of For and we obtain or respectively. 3. Let 3a. Giv factorization QR where is an upp er triangular matrix and is [12] matrix with orthonormal columns. Note: Do not confuse this vector with the matrix above. {z {z Normalize the vectors and to obtain and respectively. Then, obtain via and 3b. Find the least squares solution to Ax where [8] gives 18 18 30 3c. The pro jection matrix pro jects all ectors on to the column [16] space of Find ector not in the column space of and whic giv es {z The vector is in the column space of The error vector is orthogonal to the column space of which means is in the left nullspace of We obtain basis for the left nullspace by finding the special solution(s) to {z which gives Note that the question requires that is not in the column space of for 4. Supp ose is rank one pro jection matrix and that the ector is alw ys orthogonal to the ectors and 4a. Giv an orthonormal basis for the left ullspace of [8] Vectors in the column space, are always orthogonal to vectors in the left nullspace. Use the Gram-Schmidt process to obtain an orthonormal basis using the linearly independent vectors in the left nullspace. {z {z Normalize the vectors and to obtain and respectively. 4b. The pro jection matrix is (giv the matrix) [12] where the columns of are basis for the column space of Recall that the column space of is orthogonal to its left nullspace. By finding the special solution(s) to we obtain basis that is orthogonal to the left nullspace of