
Midterm 2 review
October 31, 2022

1. Let ~u1, ~u2, ~u3 be an orthonormal basis for R3. Find the angle between 2~u1 ` 3~u2 and 4~u2 ` ~u3.

2. Consider a QR-factorization,
»

–
| | |
~v1 ~v2 ~v3
| | |

fi

fl “
»

–
| | |
~u1 ~u2 ~u3

| | |

fi

fl

»

–
2 1 2
0 6 1
0 0 3

fi

fl

(a) Find ~v1 ¨ ~v2
(b) Find ||~v3||
(c) Find the angle between ~v1 and ~v3.
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3. Let V Ñ R4 be the subspace defined by the equations x3 “ x1 ` x2 and x4 “ x2 ` x3. Find the matrix
PV of the orthogonal projection onto V .
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(Hint: recall pABqT “ BTAT )
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4. (a) Find an example of a 3 ˆ 3-matrix M such that rankpMq † rankpM2q, or show that this is not
possible

(b) Find an example of a 3 ˆ 3-matrix M such that rankpM2q † rankpMq, or show that this is not
possible
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