54.4 DBy Theorem 5.4.1, the equation (im B)' — ker(B7) holds for any matrix B. Now
let B = AT, Then (im(A7))* = ker(A). Taking transposes of both sides and using
Theorem 5.1.8d we obtain im(A”) = (kerA)*, as claimed.

5.4.10 a If ¥ is an arbitrary solution of the system AT = b, let Ty = projy T, where V =
ker(A), and ¥y = ¥ — proj,- . Note that b=AF = AlTh +Tn) = ATy + ATy = ATy, since
Tp is in ker(A).

b If #y and 7| are two solntions of the aystem AT = E: both from liker.fijlj‘, then ¥ — g 15 1n
the subspace (kerA)L as well. Also, A(F; —%p) = AT, — A7y =b—b=10. so that 7, — T
is in ker(A) By Theorem 5.1.8b, it follows that #; — y =0, or #; = 7, as claimed.

C Write #) — Tn + Ty as in part a; note that Ty is orthogonal to &), The claim now follows
from the Pythazorean Theorem (Theorem 3.1.9).

5.4.22 Using Theorem 5.4.6, we find #* = [ gi| and b — A#* = 0. This syatem 15 in fact

consistent and #* is the exact solution; the error ||b — AZ*| is 0.

co
€1
5434 We want | ea | such that
3
4
Tl 0 1 0 1 7 r0
1 =n(0.5) cos=(0.5) sin(l) cos(1) o 0.5
1 sin(l)  cos(l)  sin(2) cos(2)| | e 1
1 sin(1.5) cos(l.5) sin(3) cos(3)| |e2 | = |15
1 sin(2) cos(?) sin(d) cos(4)| |ea 2
1 sin(25) cos(25) sin(5) cos(f) | Leg 2.5
L1 =in(3) cos(3) sin(6) rcos(€) | L3

Since the columns of the coefficient matrix are linearly independent, its kernel is {0}. We

cn 1.5
a3} 0.109
can use Theorem 5.4.6 to compute [cz | & | —1.537 | so f*(¢) &~ 1.5 + 0.109sin(t) —
g 0.303
4 U043

1.537cos(t) + 0.303sin(2t) + 0.043 cos 2t).



5.4.40 First we look for [z‘i] such that log D = ¢y + 1 log a.

Proceeding as in Exercise 39, we get {EO] =S [? 5], ie. log D =~ 1.5loga, hence D =
1 .

]_DI.L loga _ al.al
Note that the formula D = a'-® is Kepler’s third law of planetary motion.
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5.4.20 Using Theorem 5.4.6, we find 7* = [g] and b — AF* = 1
1

Note that b — AF* is perpendicular to the two columns of A.

5.4.18 Yes! By Exercise 17, rank(A) = rank(A” A). Substituting A" for A in Exercise 17
and using Theorem 5.3.9¢, we find that rank(A) = rank(AT) = rank(AAT). The claim

follrmars.

2

Ch 5. 1T1.24 F. Consider A = [l] 9

]._ or any olber symooelric waleix Lthat [ails o be

orthogonal.

Ch 5. TF.18 T. Consider the QR factorization (Theorem 5.2.2)



