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A. State the definition of a consistent system of linear equations.

[Hint: Your answer should start “A system of linear systems is consistent...” and must be a complete sentence.]

Solution note: A system of linear systems is consistent if it has at least one solution.

B. Problems (1) through (4) refer to a system of 3 linear equations in 3 variables:

ax + by + cz = p

dx + ey + fz = q

gx + hy + kz = r,

where a, b, c, d, e, f, g, h, k, p, q, r are all constants (real numbers).

1. Find explicit non-zero values of the constants, all different, so that the solution set is a plane
in R3. Justify your answer.

2. If I choose the constants using a random number generator, what do you predict for the shape
of the resulting solution set? Why?

3. Let A be the augmented matrix of this system. How many rows does A have? How many
columns?

4. Now assume the system has no solutions. Write down an explicit matrix (with real number
entries) which could be the row reduced echelon form for the augmented matrix of this system.

Solution note: 1. We take the system

x + 2y + 3z = 4

5x + 10y + 15z = 20

100x + 200y + 300z = 400,

for example. Here, each equation is a multiple of the first, so the solution set for each
is the same. Thus their common solution set is simply the solution to x+2y+3z = 4,
which is a plane.

2. If the coefficients are randomly assigned, we expect a point. The reason is
that in row-reducing the augmented matrix of the system, we expect three pivots.
To see this, note that if they constants are randomly chosen, none is zero, so we have
a pivot in the first column. But also we should have a pivot in the second column,
since in doing row operations to clear the first column, it would have to be a very
lucky accident if the entries in column two all cancelled out too. Similarly, there is a
pivot in the third column. So the rank of this 3× 3 system is 3, and there is a unique
solution.

3. 3 rows, 4 columns,

4.

1 0 0 3
0 1 0 2
0 0 0 2

.


