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Z‘ The vectors (2,2, —1) and (—1, 2, 2) are orthogonal. Divide them by their lengths
to find orthonormal vectors ¢, and g,. Put those into the columns of Q and mul-

tiply ©TQ and QOQT.
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(’_ If ¢y and @, are orthogonal matrices, show that their product Q) Q> is also an
orthogonal matrix. (Use QTQ = 1.)
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If Q has orthonormal columns, what is the least squares solution X to Qx = b?
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(a) Compute P = QQ7 when ¢, = (.8,.6,0) and g, = (—.6,.8,0). Verify
that P> = P,

(b) Prove that always (QQ")(QQ") = QQ" by using QTQ = 1. Then P =
Q Q7" is the projection matrix onto the column space of Q.
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(a) Find orthonormal vectors g, and g, in the plane of @ = (1,3,4,5,7) and
b=(-6,6,8,0,8).

(b)  Which vector in this plane is closest to (1,0,0,0,0)7
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(a) Find orthonormal vectors g, ¢,. g5 such that g,, g, span the column space of
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(b) Which of the four fundamental subspaces contains g7

(c) Solve Ax =(1,2,7) by least squares.
(4) Lot /4 = (12-2), A= (1)
’ //A

(I 2 -2)
A A .
ZfYL 4?: AZ - ATAZ A' :(/;_/77{>“’;(/121 4

)7

(2, 4,2)
- :_é_" 4 {Z/Z
gy T A )

Zaﬂk/'mS ot /afvz(/t’l 7£o/ ?’ 6-5(‘2) CAWSZ
73 = —31 ("Z)Z; />~ 731-?2)“”‘/?3—(‘




(6

>74< /zfv‘ nu//s acz a; A s WWW ana/VZO /4
Jrﬁ<MW%MafﬁT I |

721:” ﬂcré fS 10 Sd/uvlt.m YLG /4)(:: é
C/a.SCS‘f fd'/a-vl('m /EAFOJ‘ZGVLI'M d7{ «é Wv/o

CO/uwm Sdacr dzL

- 7

" dsing A4 AF) 0= 4T AAR
&(sz‘/\\g /ﬁL: Q/(, Msmi Q {FW’} C&)7 W
S’CVL /(:@T/q) 50 /4*5:/47‘A>? {fcm(_g
PG4 = #7QTaR K = RTAY | and sincc
2T (s (owey Vrian M/ar, TQT =W %
becomes QT 4= 2%

074 = | 2 -2 / -
o=y 2]l )]
/



/7

/Z’Z I 7 =7
2 &A (ZIZ_IK:SL_

- X. - -~
2 -~
A f | ]
K = Z
—_—
Find the projection of b onto the line through a:
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Compute the orthonormal vectors ¢, = a/||a|| and g, = e/||e].
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/9.

(Recommended) Find orthogonal vectors A, B, C by Gram-Schmidt from a, b, ¢:
=(1,—-1,0,0) b=1(0,1,-1,0) ¢e=1(0,0,1,-1).

A, B.C and a, b, ¢ are bases for the vectors perpendicular to d = (1,1, 1, 1).

A6 B=4- {- (-0, =({+ <,
B 2

Z8a -

(O,ﬁ»/,o>+(i;"£>0’0)
(i)-;;/)o)
A R ar
= ct 58 = (4o ">+(73)(/5>~75>0)
:('/3///3),/3)0)

If A = QR then ATA = RTR = triangular times triangular.
Gram-Schmidt on A corresponds to elimination on ATA. Compare the pivots
for ATA with ||a]|* = 3 and |le||* = 8 in Problem 17:
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Find an orthonormal basis for the column space of A:
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Then compute the projection of b onto that column space.
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