
Final Exam, Linear Algebra, Spring, 2003, W. Stephen Wilson

Name: So \,, { i r., n, =

TA Name and section:

NO CALCULATORS.

(1) (3 points) Give a definition of linear independence.
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(3) (3 points) Define perpendicular in lR.
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(2) (3 points) If A : lR." -+ IRl, there is a relationship between the dimension of the kernel of ,4 and the
dimension of the image of A. What is it?
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(4) (3 points) Define the lengthof a vector in lR.
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We will now be working with the matrix A: I -1 4 O I fo. some time now.
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(6) (3 points) What is the trace of A above?
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(7) (3 points) What is the determinant of A above?
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(8) (3 points) Solve the equation Ar: 0 for the ,4 above.
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(9) (3 points) For the / above, solve the equation Ar: ( ; )
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(10) (B points) Find a basis for the kernel of the .4 above.
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(11) (3 points) Find a basis for the row space of the -4 above.
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(12) (3 poinrs) Whar is the rank of the Aabove?
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(13) (3 points) Find a basis for the image of the .4 above.
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(14) G points) Find the characteristic porynomiar for the Aabove.
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(15) (3 points) a,,io ,nu r,!.i)r,r.,r rr, [r,.,4 above. (They are at] integers.)
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(16) (3 points) For the A above, find an Eigenvector for each of the Eigenvalues. To make it easier to
grade, choose Eigenvectors with integer coordinates where the integers are as small as possible.
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(17) (3 points) Use your Eigenvectors to make a basis of lR3. Chose the first basis vector to be the
Eigenvector associated with the largest Eigenvalue and the third basis vector to be the Eigenvector
associated with the smallest Eigenvalue. Call this basis B. We have a linear transformation given to us
by A. What is the matrix B when we use coordinates from this new basis, r.e. B : fr]s -+ lAr)6?
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(18) (3 points) We know there is a matrix S such that S-1,45: B. Find S.
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(19) (3 points) Find S-1.
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(20) (3 points) Let Ps be all polynomials with degree less than or equal to 3. Let C[-1,1] be the

continuous functions from the interval [-1,1] to the reals. fu c Cl-7, 1]. They have an inner product

given by < f,g ): trt@)g(r)d,r. Show the set V c Pt c Cl-7,1] defined as all / e Ps with

/(-1) :0 and [)rf @)a*:0 is a linear subspace of P3
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(21) (3 points) Find a basis for the linear space in (20).
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3 matrix for projp, : P2 -) P1 C P2.
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(24) (Z points) What is the dimension of the kernel of this linear transformation (in problem (23))?

(Explain.)
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(25) (3 points) Find a polynomial basis for the kernel in Qa).
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(26) (3 points) Find an orthogonal (not necessarily orthonormal) basis for P2 that extends the known

orthogonal basis for Pr from before problem (22).
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(27) (3 points) The polynomialof problem (22) minimtzesa certain least squaresintegral. What is that
integral?
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sr>- Y { 77(29) Q points) If det('a):5 and '4 is an nxnmatrix, then what is det(5,4)? (Explain a bit.)
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(30) (3 point) If '4 is ut o3o*o'd9gg n x nmatrix, then what is det(5.4)? (Exprain a bit.)
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(31) (3 points) Write the quadratic form $1r2 it matrix form with a symmetric matrix.

( o \/,-\t\
['t' o 

)

(32) (3 points) Say wheth et n1n2 : 1 is an ellipse or a hyperbola. Justify using the approach in thecourse.
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(33) (3 points) Find the principal axes for nLn2:1 and locate the intercepts.

F\*A. F-\qoaru€.tor)
t

IL. -l/,-\ -a t

[- 'r. 'l^) 
F4]) 

E

(t= (1

F\ q",^vactn .

I

{^^=

-l
D ( 

,' )

tl1

(-"\

V=-l fz

l* ) : -tlz
f-."

porzn,^\ro +o 7d +t J) + * Lf)
'9 ' \ I \ 

Lou"'h^*' 'l-trL {1u" Vwq r 5 ' t"'^ nl'&-r

$,d-; )r clr- \^cl= +( + -{ 'T
\^t..n"1f, ; Jt^ c-= 0 {t^ [--

-ll,
\ tl_

^rl, r+*'lr-- d
\
O

\: I3
2- -l

1* 1
Cr L-

5o \tt{*t'"fL i^.
IJz ';a

L/ t\=
trz_t L)

aA _-Ji-l I

Cr: t\,12-



20

(34) (3 points) Give the form of the curve ntn2 : 1 in the coordinate system defined by the principal
axes.

<-2
[- r cnvv\ )



27

(35) (3 points) State Cramer's rule.
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(36) (3 points) What is the area of the parallelogram defined by the vectors (1,5) and (3,9).

I u(,+ A)\ : \ a- ts\ = [-c\= 6

(37) (3 points) If A is invertible, what is A-L in terms of the adjoint (which you should define of course)?
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(38) (3 points) We will now study the matrix A : ( i i ) The book tells us that there is an
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orthonormal basis {rr,rr} for W and an orthonormal basis {ur,ur,u3} for IR3 such that Au1: orur D"rtd

Au2: o2u2 (wrth o1) o2). Find o1 and o2.
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(39) (3 points) Find u1 and u2 in the previous problem.
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(40) (3 points) Find z1 ,11,2,a,nd u3 in the previous problems.
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