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1. (7pts) A is a m-by-n matrix, and the system AX = O hasa unique solution X = 0.
(1) vh € R™  there exists at least one solution to AX = b.

(ii) If there is a solution to AX = 5, then this is a unique solution.

(i) m < n.

Which of the above statements are correct (if any)?_ .
A.(@); B.(i); C.(ii); D.@)@i); E.(@ai); F @i)di); G.(@)3)3i); H. None.

2. (7pts) A and B are two n-by-n real matrices.

(i) det(AB)=det(A)det(B).

(ii) AB and BA have the same eigenvalues.

(iii) I is the n-by-n identity matrix. If AB = I, then BA = I.

Which of the above statements are correct (if any)? .
A.(); B.(i); C.(i); D.@)@); E.(@)di); F @)di); G.@)3)@i); H. None.

3. (7pts) A and B are two similar n-by-n real matrices.
(i) A and B have the same characteristic polynomial.
(ii) A and B have the same eigenvectors.
(iii) If A is symmetry, then B is symmetry.

Which of the above statements are correct (if any)? .
A.(Q); B.(i); C.(i); D.@)@); E.(@)di); F (@@)ai); G. @(D3i); H. None.

4. (Tpts) Matrix A is symmetric positive definite and matrix @Q is orthogonal.
(i) QT AQ is a diagonal matrix.
(ii) QT AQ is symmetric positive definite.
(iii) All pivots of QT AQ (without row changes) are positive.

Which of the above statements are correct (if any)? .
A.(); B.(i); C.(i); D.@)@i); E.@)di); F @iGi); G.(@)(D)(i); H. None.
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5. (Tpts)MatrixA=| 0 2 2 .A“lz[* * .Thena+b+c=
0o 0 -1 £ ox w
A.1; B.2; C.3; D.4, E.5; F6, G.7, H.8 IO
2 3
6. (7pts) Linear transformation T: R> — R3 satisfies T B] = 2] and T ﬁ] = [b] If T is not one-to-
a 6
one,thena + b = .
A.1; B.2; C.3; D.4; E. 5 Fo6, G.7, H.S; IO
0 2 4 2
1 12 5 4
7. (Tpts)Matrix A = |2 22 6 6| Rank(4)=
3 32 7 8
4 42 8 0
A.1; B.2; C.3; D.4; E.5 Feo6, G.7, HE& IL9.
xl X1
-1 =1 3 0 37{*%
8. (Tpts) T 3 = { 0 -1 2 1 1} X3 | is a linear operator from R® to R>.
1 -2 3 3 0l|*
5 Xs
a b c
d e f
Ker(T)=<a|l]|+pB|0|+v|0|,Va,B,y ER ;. Thena+c+e=
0 1 0
0 0 1

A.1; B.2; C.3; D.4;, E.5 Fe6, G.7, H.S8 Lo

3 0 5
9. (7pts) Matrix A = |2 -1 2}, Ar=agA’+bA+cl.Thena+b+c=
1 0 2

A.l; B.2; C.3; D.4; ES5 F6 G.7, HS8 19
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(7ptS) Given five pOintS (xliyl) = (‘—'219)' (x2' yZ) = (’_1:2); (X3, y3) = (0:_6)» (x4'y4) =
(1,0), (xs,vs) = (2,0). The constants C, D, E are undetermined real numbers. Find the best fitting
parabola Cx? + Dx + E to the above five points, using least squares. In other words, the best
solution C, D, E is the one that minimizes ¥.;_,(C(x;?) + Dx; + E — y;)*.

ThenC —-D —E = .

A.1l; B.2; C.3, D.4 EJS5 Fo6, G7, HS8 L9

2__ 2
(7pts) Let x,y € R. The minimum of SX "Z*SY isq. Thena =

x2+y?

A.1; B.2; C.3; D.4, E.5 Fo6;, G.7; HZS8 L9

(7pts) P is the set of all real polynomials of degree less or equal to 3 with ordered basis
Bp = {x3,x2,x,1}. My, is the set of all real 2-by-2 matrices with ordered basis

b= ollo ol ollo 2P

- : fG-1) f (0)]
A linear operator T: P; = Moy, is defined as T(f(x) ) = [ .
a * % %
B 0 0 0 bf. : . .
[T] Br = lx % ¢ x| the matrix representation of T with respect to fp and By.
*x d % %
Thena+b+c+d= .
A.1; B.2; C.3;, D.4; ES5 Fo6, G.7, HZSg 19

. _[9/2 7/2 iz _fa ¢ _
(8pts)MatnxA——[7/2 9/2],A —[b d].’[‘hena+b+c+d-—

A.1; B.2; C.3; D.4, ES5 Fo6;, G.7, H.ZS8 19

(8pts) P, is the set of all real polynomials of degree less or equal to 2. Define the inner product on
P,by< f,g >= folf(x)g(x)dx, Vf, g € P,. Let S be the subspace of P, spanned by {x?, x}. For
u(x) = 1, there exists v € S and w € S* so that u = v + w. Find w(x) in the form

w(x) =1+ ax + bx%. Thena + 3b = )
A.1; B.2; C.3; D.4; ES5 Fo6, G7, HZSE 19




