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1. (10 points) Express (v/3 + )% in (1) the form a + bi for a,b are real numbers, (2) the polar

form.

Answer: a= , b= the polar form =

2. (10 points) Using the Gram-Schmidt process to transform the basis {[1, 1+, 1—i],[1+14, 1—
i, 1]} into an orthogonal basis and then extend it as an orthogonal basis for C3.

Answer: the found orthogonal basis for C? is
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3. (10 points) (1) Find the projection matrix P that project vectors in R® on W which is the
plane 2z — y — 32 = 0.

(2) Given b= [2,7,1], please find the projection by

Answer: P = , by =
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4. (10 points) Let V' be a vector space with ordered bases B = {51, b, gg} and B’ = {g’l, 5’2, Eg} If

-10 3
Cop=|0 1 —2|, and &= 3b, — 20, + bs
-1 1 1

Find the coordinate vector v =

5. (10 points) Find all the possible 2 x 2 real matrix that is unitarily diagonalizable.
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6. (10 points) Let T : R? — R? be a linear transformation and B = ([—1,1], [3,3]) and B’ =
([1,1,1], [2,3,1], [1,2,1]) be ordered bases of R? and R? respectively. Suppose that the matrix
representation Rp g of T is given by

1 —2
Rpp = |4 2
2 0

Please express T'([1,5]) and T'([5, 1]) as vectors in R3.
Answer: T([1,5])= and T'([5,1])=
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7. (10 points) Find a Jordan canonical form and a Jordan basis for the matrix A
(5 0 -1 —1 0]
0O 5 0 0 O
A=|1 2 7 2 1
-1 -2 -2 3 -1
0 1 1 1 5|
(a) Jordan canonical form = , Jordan basis =
(b) Find the det(A4°°) =
Notice that
[0 0 -1 -1 0] 0 0 0 0 0 00000
o 0 0 0 0 0 0 00O 00000
A-5I=1[1 2 2 2 1|, (A=50)*=10 1 0 0 0|,(A=5)*=10 0 0 0 0
-1 -2 -2 -2 -1 0 -1 000 00000
|0 1 1 1 0] 0 0 0 0 O 00000
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8. (20 points) Match each matrix with its corresponding properties. Note that each matrix can

have multiple properties, and some properties may apply to more than one matrix. (EEIEH)

Properties: (a) diagonalizable (b) orthogonal diagonalizable (c) unitarily diagonalizable (d)
symmetric (e) hermitian (f) normal (g) has reduced row-echelon form (h) has jordan canonical
form

23 0 1 -1
(i) . Answer:
51 -2 5 1

(-3 5 —20
(i) | 2 0 8 |. Answer:
2 1 7
2 10
(i) [0 2 0. Answer:
00 2
1 1+2¢ 2-T1
(iv) |1—2i 3i 0 |. Answer:
2+ 71 0 -7
(1 9 -3
(v) |9 0 —4|. Answer:
-3 -4 3
[ i 4
(vi) ! |. Answer:
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9. (10 points) Prove the following:

) Show that every Hermitian matrix is normal.

(a
(b) Show that every unitary matrix is normal.
(c) Show that, if A* =

—A, then A is normal.
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