4. a. For column vectors 7,1, we have (¥, %) = trace{f7 o) = trace{7 - @) = ¥ 4, the dot
product.

b. For row vectors 7,10, the #jth entry of #70 is vy, so that {7,@) = trace(iT @) =

ZU{W; = if -, again the dot product.
i ]

10. A fetion g(t) = a + bt + ¢f* i orthogonal to f{t) =1 if
1
{f.0) =f {at + bt + et )bt = (267 + f-;r‘*+ 51“]'_] = §&= 0, that is, if b = 0.
-1

Thus, the fimetions 1 and 12 forin o basis of the space of all funetions in Py orthogonal
to f(t) = . To find an erthonormal basis gy (), gz(t), we apply Gram-Schmidt. Now

1
I = %f 1dt = 1, so that we can let g1(t) = 1. Then go(t) = “% _ |i=:§| _

L3 1)

Answer: gy(£) = 1, ga(t) = (2 — 1)

‘ 16. a. We start with the standard basis 1, ¢ and use the Cram-Schmidt process to construch
an orthonormal basis g (), g2(t).

f e
It = -/; dt = 1, so that we can let g1(t) = 1. Then 52t} = IHHHI = ":_ =
V3(2t - 1).
Summary: g;(t) = 1 and ga{t) = +/3(2t — 1) is an orthonormal basis.
b. We are looking for projp (£} = {g1 (£}, £2)g1(t) + (g2(t), t9)g2(t), by Fact 5.5.3.

1 1
- " 1 . :
We find that {(g,(t),#%) =[ t2dt = 3 and {gz(t),#%) = vﬁf (2 — 52y dt = \:—E, i)
) ] ] '
that projp t* = § 4+ L2t = 1) = ¢ - k. See Figure 5.21.

Figure 5.21: for Problem 5.5.16b.



[ ] [ ]> 1] [ ] [ ] = a1+ 2%z = 0 when 2) = —2. This is the line

qpmmer_l by vertor -l

b. Sinece vectors [[l}] and [ _ﬂ are orthogonal, we merely have to multiply each of them
11F 1 2] 1 1
with the reciprocal of its norm. Now [ﬂ“ =[1 0] [ ] [D] =1, so that [G]
-

e uft ][] smm )

=11,
1 | is an orthonormal basis,
7

is a unit vectar, and

Thus [ é

2. a {(figth)=(f.g)+{f,h)=0+8=8
b. llg +hll = Vig+h.g+h) = /{g,0) + 2{g, b} + I, h) = YT+ 6 + 50 = /57

¢, Since {f,g) = 0,|g| = 1, and [jf] = 2, we know that L,.J iz an orthonormal basis of
spau (f, g).

Now projgh = (§,k} § + (9,h)g = (7 h)f + (9, h}g = 2f + 3g.

d. From part ¢ we know that 2 3 £ 0 arve orthonomual, so we apply Fact 5.2.1 to obtain
the third pelynmnial in an orthonormal basis of span(J, g, fe)

R—PIOJeh  _ h-2f-8y _ heay_3g _ 2 : i
Ih—proj sl — Th=2/=3g] = 5 =—5f= :rfﬂ'*’ﬁ’"-

Orthonorinal basis: %L,{-‘. —,',Fz.f - Es’r + %T';"

22. Apply the Cauchy-Schwarz inequality to f(t) and g{t) = 1; note that ||g|| = 1:

5o = IFMlgh = ANl or (F,g)2 < 1IfII° o (f fit) df) < [y (f(e)2at.



