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Math 333 Second Exam (30 Nov 2010)

Name:
Show all work (unless instructed otherwise). Good Luck!

0. Circle True or False without explanation: Below vectors are in a finite dimen-
sional vector space V', (-|-) denotes an inner product, and || - || its associated norm.

@or F ) (ulv) = [Jull]

(T o@ Every norm on V' comes from an inner product.

ul|l|v|| only if one of u and v is a scalar multiple of another.

(T)or F ) 7 := A%) is a least squares solution to Az = b.

T o F ))For any square matrix A, the SVD gives a diagonalization of A.

1. Suppose that u. v, w are vectors in an inner product space and

(ujv) = =3, (u
full =3, el = V5. Jlwll = V&

w) =—6, (vjw)=

+ 2 Lty <))
7/ N \ 174
— o
= (2 + 267 +3) :
Nt - >/ /=N

ooy,

' b) Determine by computation if v + v is perpendicular to w.
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2. Derive the Triangle Inequality from the Cauchy-Schwarz Inequality.
(State both!)
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3. Show that (p(x)]g(x)) == p(0)g(0) + p(1)g(1) is not an inner product on Py.
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o \}@ 4. Let ||A|| be a matrix norm of a square matrix A compatible with a vector norm
|z]|. Show that if A is an eigenvalue of A then

IA]l = [Al.
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(m 5. Prove (while justifying each step) that the Frobenius norm
1Al = 4} > Jail?
ij=1

is compatible with the Euclidean norm, i.e., ||Az| < ||A||g|lx| for all & in R".
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§ |0 {;3 § 6. Find all least squares solutions to the system
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{101« | 7. The normal equation AT Ax = ATb is an expression of perpendicularity of a

certain vector to a certain subspace. What vector and subspace are involved?
Draw a figure and explain how AT Az = ATb follows.
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8. Consider the matrix A = o il
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a) Compute the semi-axis of the ellipse that is the image of the unit circle under
the linear transformation T4 of the plane R? induced by A.
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b) What is the value of the operator norm ||A|| := max,=; ||Az||? (Here

the ordinary Euclidean norm.)
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c)® Sketch the image of the square {(z,7)

and guess-sketch the ellipse (from a)).

=1 <2 <1,-1<y<1;uynderTy
fyﬂfwk fle Si,»\/w;-/~'~'”»)\()

i { f
i by
2 o5 {’,LN{ a0k
I § L\ i —
T 2
)1 .
o [3xE
oV T
i I = < »
— - J y! S oXi
= i{ T o e gﬁ?/ P
P HoretS



P



