[image: image1.png]Quality Exam for Matrix Theory
Nine questions with the marks indicated.

Using calculator may be allowed.

1. (5) Describe the Courant-Fische theorem, i.e., the theorem of variational characterizations
for eigenvalues of Hermitian magrices.

2. (5) Describe the singular value decomposition for a real matrix.

3. (5) Let X,Y € R", and ¥TX # —1. Show B~} =1 - i+—y‘,7XYT, where the matrix
B =TI+ XYT and [ is the unity matrix.

4. (10) Let A € R™*™. Prove
114l + [14lleo) < VRllAlLF
where [[Ally = maz; T laiil, {|4lleo = maz: Ti losjl, and [|14llr = V25 9

5. (10) Let A € B™*™. Prove [|A]lz < [|AliF < V2l All2, where A € Rm™x™ and || Al|z is the
2-norm of A.

6. (15) Let A€ C™", Y €C",a€ C, and the Hermitian matrix

AY ’

b(27) .
Prove the condition numbers have the bounds: Cons.(A) £ Cony.(B), where Cony.(A) =
fAllHA -

7. (10) Write the QR decomposition of the matrix
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3. (15) Determine the eigenvalues and eigenvectors for both @ = 0 and a > 0. Observe the
behavior as a — 0
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[image: image2.png]9. (25). Let the matrix A€ R™x™, m>nand
Au A
A= 4
( Any An ) ®

where Ay; € ™7, Rank(Ai) =7 <™ and Rank(A) < n. Give an algorithm to seek 2
solufion z € R™ such that
minA1121+A1222=51“AI - bll2, (5)

~(3) (%)

and z; € BT, z2 € R™, b€ R, and ha € R™T.
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