Solution to Practice 3i

B3(a) The domain of f is R?, and the codomain of f is R? as well. We show
that f preserves addition as follows:

flxr+y,22+y2) = (2(@2 +y2), (21 +31) — (22 — y2))
= (222 +2y2, (1 — 22) + (Y1 — ¥2))
= (2z2,21 — x2) + (2y2, 91 — ¥2)
f(x1,22) + f(y1,92)

We show that f preserves scalar multiplication as follows:

f(t.l?l, tl‘g) = (Qtl‘g, txl - tﬂl‘g)
= (t(222), 121 — 32))
= t(?l’g,éﬂl 7%2)
= tf(xlaxZ)

Thus, f IS a linear mapping.

B3(b) The domain of g is R? and the codomain of g is R? as well. But g is
NOT a linear mapping. As a counterexample, consider that ¢(0,0) = (1,0)
and g(1,7) = (—1,72), so g(0,0) + g(1,7) = (1,0) + (=1,73) = (0,73). But
g((0,0) + (177)) = 9(177r) = (7177'(3) # 9(070) +g(177r)'

B3(c) The domain of h is R3 and the codomain of h is R? as well. We show
that h preserves addition as follows:

h(z1 +y1,22 +y2,23 +y3) = (0,0, (x1 +y1) + (22 + y2) + (w3 + y3))
(0,0, (z1 + 2 +23) + (y1 + Y2 +y3))

= (O,O,m1+x2+x3)+(0,0,y1 +y2+y3)
= h(x1,22,23) + h(y1,Y2,93)

We show that h preserves scalar multiplication as follows:

h(tzy,txg, tes) = (0,0,tx) + tog + tas)
= (t(0),¢(0),t(x1 + z2 + x3))
= t(0,0,.’El +.’E2+.’E3)
= th(,’El, 372,5(}3)
Thus, A IS a linear mapping.

B3(d) The domain of k is R3, and the codomain of k is R? as well. We see that
k preserves addition as follows:

k(x1+y1, 22 +y2, 23 +y3) = (0,0,0)
(0,0,0) +(0,0,0)
- k($1,$2,$3) +k(y17y27y3)

We show that h preserves scalar multiplication as follows:



k(tIEl,t’JJg,tl’g) = (0,0,0
= (1(0),t
= t(0,0,0)
= tk(l‘l,l‘g,xg)

Thus, k£ IS a linear mapping.

B3(e) The domain of [ is R*, and the codomain of [ is R®. But [ is NOT a
linear mapping. As a counterexample, consider that 1(1,0,0,0) = (1,1,0) and
1(0,1,0,0) = (0,1,0), s0 1(1,0,0,0) +1(0,1,0,0) = (1,1,0) + (0,1,0) = (1,2,0).
But {((1,0,0,0) + (0,1,0,0)) = (1,1,0,0) = (1,1,0) # {(1,0,0,0) +1(0,1,0,0).

B3(f) The domain of m is R*, and the codomain of m is R! = R. We show
that m preserves addition as follows:

m(z1 +y1, T2 + Y2, 03 + Y3, 04 +ya) = (1 +y1) + (22 +y2) — (v3 +y3))

= (1 +z2—23) + (y1 +y2 — ¥3))
(w1 + 22 —23) + (Y1 + Y2 — ¥3)

= m(z1, 22, w3, 24) +m(y1, Y2, Y3, Ya)

We show that m preserves scalar multiplication as follows:
m(txy, teg, tas, try) = (tzy + txg — txg)

= t(l‘l + ZTo — 1'3)
= tm(xr1, 22,73, 74)

Course Author question: Let f(ﬁ) = 7, where & # 0. Then 2% # Z. And we
have f(2(0)) = f(0) = &, but 2f(0) = 2Z. So f(2(0)) # 2f(0), and so we see

that f does not preserve scalar multiplication.



