
1 Challenge Problems

Challenge Problems for Chapter 3

Problem 1 Suppose {v1, ... , vm} is a linearly independent set in Rn, and that w is not in span (v1, ... , vm).

1. Is w in span (v1 + w, ... , vm + w) (YES, / NO)

2. Is {v1 + w, ... , vm + w} linearly independent?

(YES, / NO)

Problem 2 Suppose n1, n2, and n3 are the rows of the 3 × 3 matrix A. Then we can interpret the solution to the
system of equations [A|0] as the intersection of three planes containing the origin. Discuss what this intersection
would look like geometrically if the reduced row echelon form of [A|0] is of the form:

1.  1 0 ∗ 0
0 1 ∗ 0
0 0 0 0


2.  1 ∗ ∗ 0

0 0 0 0
0 0 0 0


3. Are there any other possibilities?

Problem 3 Show that for any matrix A, rref(A) has a row of zeros if and only if one of the rows of A can be
expressed as a linear combination of the others.

Problem 4 Recall that a plane in R3 has an equation of the form ax +by +cz = d, where a, b, c are the components
of a normal vector to the plane. Suppose three planes intersect in a line, as shown below.
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We can find the line of intersection by solving a system of equations. Suppose the augmented matrix [A|d] corre-
sponds to this system.

1. Explain why rref[A|d] will have a row of zeros.

2. Consider the normal vectors to the three planes. What geometric property of these particular three normal
vectors explains the row of zeros in the reduced row-echelon form?
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