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- Any work necessary to arrive at an answer must be shown on the ex-
amination paper. Marks will not be given for final answers that are not
supported by appropriate work.

- Clearly indicate your final answer to each question either by underlining
it or circling it. If multiple answers are shown then no marks will be
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1. Let A be a 3x4 matrix. Suppose a = {v1, vy, v3,v4} and 8 = {uy, ug, us}
are orthogonal bases of R* and R3, respectively, such that

4 000
[falf=10 3 0 0],
0 00O
where f4 : R* = R3 is defined by fa(v) = Av for all v € R%. Answer

the following questions in terms of elements in « or in S.

(a) [1pt] Find f(10vy + 20vy + 30vs3).

(0 40
40(7 0 0 - R - —s A
[2sos el o fuometadl) - 4o hil
0

Qg 6 Y 0

(b) [1pt] Find a vector v such that f(v) = 20u; + 60u..

7 5\/ *)O\/),

v

(c) [1pt] Find an element in ker(A).

_e.} | '\'/; (M% C,;V‘;-ré,j/?_ s °A“g).
(d) [Ipt] Find an element in Col(A).

veé( . Eﬁ (a;% e d + szb s "k“%)

(e) [1pt] Find spec(ATA).
woreens
§;\n3mlm/ values = 4,3
. > 2
9 opec(AY) = 4,3 0.0
dv¢g - glé’ﬁ/of i

0
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2. Let
11 1 1 1 0 0 0
10 2 2 0 -1 1 1
A=119 1 q|@dB=g 1 5
12 -1 —1 0 1 -2 —2

(a) [Ipt] Find an invertible matrix @ such that QTAQ = B.

+ ] L=l =t ]
@: -1 = |
w‘ \ ’ & \
1 | ]
(b) [2pt] Find the inertia (n4(A),n_(A), no(A)) of A.

- U
R o owr4]
C,[;vz»z] ' f’*l‘*
= j ~,\om
|- [041 i
9 -

TﬁerCC)z (0,2/‘ )

Phex( A):Dwré/ﬁ)’ (/,0,0) + &;7)0//’(6)

= (f,2 1))

3. [2pt] Let

0 —-12 7
Find an orthogonal matrix U such that UT MU is an upper triangular

matrix. 3
LZ?;]ELMS{QW:S bt Pk W[@QJ

Eig Ve [fg] le]

] 6o | :{/ *5]
=2 U:[OW]:[ %3—3%] W3
0

~[1 100 200
M=10 0 1].
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4. Let

(a) [3pt] Find an orthogonal matrix ) and a diagonal matrix D such that
QTAQ = D.

nul (D2 = specd) =500, x5,
é\ce btoax = (B =]tl+g =4 = xA=6 . /

bk )
[

6 rH«oha‘fml

2
7\ g k"” ’Ai LW[ -5 2 CPN\
2 -2

%%ﬁf

%

SO & yé—/;%?

0 V& é
(b) [2pt] Find ¢ dlstmct values 1, . . ., g -and ¢ projection matrices P, . . . , Py
such that
o A= Z] —1 1555,

o P? = P for any j,
oPP O for any 7 # 7, and

'Z§=1PJ_
X /6 [W:%:b ]
M=o, Pm 19606 | s )6

° ¥ .,
: S v
= 4| Jd
fz[\lo +3\’“’
, O 0 p -—-\~\]
S 7
= gi_}
< % %
2> 2 7
% 4 6
2 5 2 4
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5. [5pt] BCBARC 1 G — B 48R @ RIS BRME R I LA B A
E A4 (principal component analysis) ©
HH E A ERMER  BRE AN IO N AL ERET
Aho b — sk BRI o HMBEIAM OO T R ARE—F X
FAZEBAT o X AARS » Bia KX @E —d@ o
(If Chinese is not your native language, you may use English or the
language that you prefer.)
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6. [extra 5pt] Let z,y, 2z € R such that 22+ y?+ 2% = 1. Find the maximum

value of 2zy + 2yz.

Hint: Consider the matrix

go vh[/& way 14 % lau:?eft eb‘/&\’ c—p A

ﬁ@é@fﬁ/ o =)
Tor A / ¢ =0
£, =2
S} o)
3 -
= C)‘M/Y[n% < |GV w0l 260 w0
= X =X (A-3)
= spee(A) =5 - 0 S5

MAK = [

R
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7. [extra 2pt] Let

4 0 0 -1 -1 -1 -1
o 4 0 -1 -1 -1 -1
o 0 4 -1 -1 -1 -1

A=|-1 -1 -1 3 0 0 O
-1 -1 -1 0 3 0 O
-1 -1 -1 0 0 3 O
-1 -1 -1 0 0 0 3

Find spec(A).

will (A°4D) & 7
mll (A=3T) 7.3

= 4pec (A) = (4,4, 3.3.3, ;('/q&i.

Covsier Yo equitobe  pardioiem 11,230, $4.8¢,73 )

bae (37

= spet (A ) = 50, 71

o gy 0,355,471

[END]
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