








9. Let W = {(x, y, z, w) ∈ R4 | x y z w ≤ 0}. Then,

A. (0, 0, 0, 0) ∈ W but W is not closed under multiplication by scalars

B. (0, 0, 0, 0) /∈ W but W is closed under addition

C. W is closed under addition but W is not closed under multiplication by scalars

D. W is closed under addition and W is closed under multiplication by scalars

E. W is not closed under addition but W is closed under multiplication by scalars

F. None of the other statements is true.

Solution: (If you’d studied the W04 final, this was especially easy.)

A. is False: If k ∈ R and (x, y, z, w) ∈ W then k(x, y, z, w) = (kx, ky, kz, kw) ∈ W
because

kxkykzkw = k4xyzw ≤ 0,

since k4 ≥ 0 and xyzw ≤ 0.

So now we know W is closed under multiplication by scalars.

B. is False: since (0, 0, 0, 0) ∈ W .

C. is False: since we know already know W is closed under multiplication by scalars.

D. is False: w = (−1,−1, 0, 0) ∈ W and w′ = (0, 0, 1, 1) ∈ W but w + w′ =
(−1,−1, 1, 1) /∈ W .

So now we know W is not closed under addition.

E. is True: From what we learned from A and D.
So:

F. is False.
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