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Theexam isworth 50 points.
No calculatorsareallowed.
Justify youranswerscarefully (exceptin Q uestions1 and 2).
ForQuestions3{5,no creditcan be given forunsubstantiated answers.
W riteyour nalanswersin thespacesprovided.
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1.(12 points)
TrueorFalse(no explanation isnecessary).

T F : IfA isa square m atrix such thatA10 isthe zero m atrix,then 0 is
an eigenvalueofA.

T F : Forany squarem atrix A,the transposeofAT A isAAT .

T F : Ifa 2 2 m atrix A isnotinvertible,then Tr(A)isan eigenvalueof
A.

T F : IfA is an m n m atrix with AAT = Im ,then the rowsofA are
orthogonalunitvectors.

T F : The 2 2 m atrix P representing the orthogonalprojection onto a
lineL in theplaneisan orthogonalm atrix.

T F : det
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2.(8 points)
Considerthediscretedynam icalsystem

~x(t+ 1)=
1 1
1 k 1

~x(t);

where k > 0 is an arbitrary positive realnum ber. For each phase portrait
below, nd a possiblevalueofk such thatthephaseportraitofthesystem is
ofthepictured type,orstatethatno such k exists.

(a)

k =

(b)

k =

(c)

k =

(d)

k =
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3.(10 points)

Considerthelinearsystem A~x = ~bwith

A =

2
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0 1 1
1 2 1
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5 :

(a) Find allleast-squaressolutions~x to thislinearsystem .

(b) Com putejjA~x ~bjjforthese solutions.
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4.(10 points)

LetA =

2

4
0 1 0
1 2 0
0 1 3

3

5.

(a) Find theeigenvaluesofA togetherwith theiralgebraicm ultiplicities.

(b) Calculatethegeom etricm ultiplicity ofeach eigenvalue.
Istherean eigenbasisforA?
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5.(10 points)
LetA be a 3 5 m atrix and B be a 5 3 m atrix such thatAB = I3. In

thisexerciseweconsidertheeigenvaluesand eigenvectorsofthe m atrix B A.
Note:Parts(a),(b),and (c)arelogically independent.

(a) Explain why rank(A)= 3 and rank(B )= 3.

(b) Show thatthenonzero vectorsin Ker(A)areeigenvectorsofB A.
W hatisthecorresponding eigenvalue?
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(c) Show thatthe nonzero vectorsin Im (B )areeigenvectorsofB A.
W hatisthecorresponding eigenvalue?

(d) Using youranswersto parts(a),(b),and (c),listallthe eigenvaluesof
B A togetherwith theirgeom etricm ultiplicities.
Istherean eigenbasisforB A?


