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L.(15%)  [flrk89ey ]
A Givens rotation is a linear transformation from R" to R" used in computer programs

to create zeros in a vector. The standard matrix of a Givens rotation in R* has the form:

a b
, a+b*=1
b a

(a) Find a and b such that vector [4, 3]" is rotated into [5, 0]". (8%)

(b) Find a 3x3 matrix 4 such that A[2, 3, 4]"=] J 29,0,01" (7%)

a 0 -b 2 2 I 5
(Hint: Find a Givens rotationinR*>s.t. {0 1 0 3= 3
b 0 a 4 0

Then apply another Givens rotation in R )

[ i#7] Givens-rotation#{|" | KJ}E}H [F[ B 5= 0y flg‘mﬂoﬂ J[ﬂ
s.tlsuch thatfiak H .
TR REE]0TAL ETF ?‘E\%E[ it F S L D FA«
(] (a)
~ - . FE

4a-3b=5, 3a+4b=0, [' M a=4/5, b=-3/5.
(b) MNEFIV A, F%
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a 0 -b 2 2\) 5
01 0 3| = 3 ,
b 0 a 4 0

e[| H 2a—4b=2\) 5 , 4a+2b=0.

i Efirﬁ a—l/\}_ b=-2/ J?
c —d 0 2\}7_ _B_

=l d c 0 3 =1 0

—inl
=

0 0 1 0 0

SEH 245 c—3d= V29, 3ci245 d=0.
s r
fOERH =24 529 , d=-3/V 29

20529 3420 ol [uds 0 wds |
BT | 3/4 29 24 5029 0 0 1

0
0 0 1 —2/\}? 0 1/\}?

(1 = )

(i 1 SHE0T 2 55000 Bip, ¢, 1

X —y p (p2+q2) 172

y X q 0

L T P ep () = g e) L R =L
[R] RO R

px-qy=*+q")"”
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gxtpy=0
T R R pig’20, (ACramer’s rule,

(p2 +q2)1/2 4
x= () =p(p*+q’) "7,
0 p
2 24172
— 2 2\—1 p (p+q) - 2 2\—1/2 S| o)
y=@"*q) . q(p+q) " GHRBLCHA 2R 8)
q

BRI =1,

(ﬁ‘]‘ﬁ?ﬁ: ] BT = 0PV E D, g, 1, ' Vab.cd,

a0 b ||| [ ]

010 q|= q :

b 0 a r 0

¢ d 0 _(p2+q2)1/2 | _(p2+q2+r2)l/2_
d ¢ 0 q = 0

0 0 1 0 0

I,[ H I a:p/(p2+q2)l/2’ b: _r/(p2+q2)1/2’ :z]:FXJ ﬁ‘[‘az'i_bz:l.
Cz(p2+q2)1/2/(p2+q2+7’2)1/2, d :—q/(p2+q2+7”2)1/2, i[ﬁ] EJ*CZ‘Fdz:l.

R PRE T
c —d 0 a 0 -b ca —-d -cb
d ¢ 0 0 1 0 =|lda ¢ -db |,
0 0 1 b 0 a b 0 a
p(p2 n q2 n r2)71/2 q(p2 n qz n r2)71/2 r(p2 n q2 n r2)71/2

— _pq(p2+q2)71/2(p2+q2+r2)71/2 (p2+q2)1/2(p2+q2+r2)71/2 _rq(p2+q2)71/2(p2+q2+r2)71/2 ,

_r(p2+q2)71/2 0 p(p2+q2)71/2
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1 0 O_
0 a —-b
0 b a
_c —d O_
d ¢ 0
0 0 1

p p
q|=|@@+H" ],
r 0
B p N _(p2+q2+r2)l/2 N
(A2 | = 0
0 0

4/17/2003

HH a=ql(q*+)"?, b=—rl(g™+7)"?, i Ela*+b*=1.
=P+, d =) g, iy L=l
Fri v f[ Pl

PG+

c —d 0
d ¢ 0
0 0 1

172

_(q2+r2)1/2(p2+q2+r2)71/2

0

0 c
b |=1|d
a 0
qp*+q* )

ca

b

172

—cb

a

pq(q2+r2)71/2(p2+q2+r2)71/2

—H A

r(p2+q2+r2)71/2

q(q2+r2)71/2

pr(q2+r2)71/2(p2+q2+r2)71/2
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2.(10%)

Let4= ]2 4 11

EEESD

and B=

. Compute 4~'B without computing 4.

(53] P i £]03D. ﬁ%‘%&ﬂﬁa‘ﬁ'\CHﬁgﬁma.

[ i) _lijzA—Ug, HIEi®: AX=B. I'| 5 Bﬁ%ﬁﬁﬁj[/l | B L&~ 3|EET

1 3 8

2 4 11

1 2 5
L AB=Xx=

1
0
0

0
1
0

0
0
1

10
9
-5

-1
10
-3

3. (15%)

[Fl189ey T ]

A polynomial p(7) of degree n—1 is defined as p(f)=co+cit+cat*+..+cnit™ ", where

Co, C1, C2, ..., Cn1 are n real numbers. Given # arbitrary real numbers yy, ya, ..., ¥n

and » distinct real numbers xi, xz, ..., X, , show that there exists one and only one

polynomial p(#) of degree n—1 such that p(x)=y1, p(x2)=)2, ..., p(Xn)=Vn.

(o341 7 e [ % 104D.
(i) ﬁ%‘ifﬁaﬁﬁ?ﬁCH4ﬁfﬂl 8b. (%JH%%EEJCHI67@%25a:LagrangePHﬁﬁ)
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4. (10%) GIEEIESD

Compute the determinant

S o o o s
oo
oo
oo
N

[oi#7r]  REepj %]04B. ?‘eﬁﬁd AR CH4EE 512,
(i) gl 237 =opt 10 =, dkp BpaT M. I s f aet- B e Rl

i%ﬁ' FERT6. VAR HE R

5. (10%) [ile89%Y ]
True or false for determinants (& Jf\%ﬁ "271 , ﬁﬁﬁlbj , T ﬁ Z077)
(a) det4B=detAdetB
(b) det(4+B)=detA+detB
(c) detd"=detA4
(d) det(rA)=r detd
(e) detd=detB if B is produced by interchanging two rows of 4.

(5347 S FE204A.
[}?Jzé] (a) true, (b) false, (c)true, (d)false, (e) false.

[FIP] () PRl (#HALCH4LZE6)
(b) PR, K ELF* Phyz. I
1 0 0 0
A= , B= , det(4+B)=1, det4+detB=0.
0 0 0 1
(c) PRzl (iHASLCHA HZELS)

(d) TEEL det(rd)=r"detA.
(e) 'Rl det(4)= —detB.
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6. (10%) [ple89%Y ]
True or false for eigenvalues (& /| |4 FATEE %ﬁb’? , ﬁéﬁﬁﬁ[b’]‘ _— FATOQ)
(a) If A is an eigenvalues of 4, then A" is an eigenvalue of 4"
(b) 4 and A" have the same eigenvalues.
(c) If A* is a zero matrix, then 0 is the only eigenvalues of A.
(d) 4 is invertible if and only if 0 is not an eigenvalue of 4.

(e) A is diagonalizable if and only if all eigenvalues of 4 are different(distinct).

[5347] 4 JEBH REET12A 7 16A.
[J?Jzé] (a) true, (b)true, (c)true, (d)true, (e) false.

[FP] () PR Efl GEBLCH16¢2E12)
(b) [F=HEEEL (FERSWCH16E2E!1b)
(c) IF=EREEL GikSELCH1472E2a)
(d) F=Eh L GrEBLCH1672E12)
(e) [IEjif-partsyt. (GEFRBLWCH127E2E123)

only-if-partfiy™ fJf’ FVA=diag(2,2,3)

7.(10%)  [FrR89ey " ]

Let W be a subspace of R” and let W* be the orthogonal complement of .
Show that 7" is a subspace of R".

(i) 4R E11B. 4w T “flsubspace, E\'%Tﬂsubsetflﬂﬁ‘.
[i%] ﬁ%éfﬁaﬁﬁ?ﬁCHllé’i'ﬂ.

8. (10%) GIEEIESD |

(a) Find a spanning set for the null space of matrix
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1 2 -5 11 -3
2 4 5 15 2
(5%)
1 2 0 4 5
36 -5 19 -2

(b) Explain why the spanning set is automatically linearly independent. (5%)

[5347] 4 REB R E]06C. ﬁ%?ifﬁij{%g\CHLIEl

(i) (a) A= Ax=o, "RUFIIIAZI(E BT (= ERF (IR P40

_1 2 0 4 0 |
0 0 1 =75 0
0 0 0 0 1
0 0 0 0 0

. x=[-2s4t,s,(1/5)t,1,0]"
=s[-2,1,0,0,0]"+:]-4,0,7/5,1,0]"

" {[-2,1,0,0,01",[4,0,7/5,1,0]" } 5~ [ nb &

(b) fli(a)fi" #irank4=3,
. dim(null space)=5-rank4=2
["*j—‘ ’7&}’71\[;[2”:” E'fj}l'ﬁi‘fa , F’?I i_ﬁiﬁi
) R
(b) [ Y] (5] ﬁ i 2[f B9 1)
P S AR 2 BT R, T U 8

G5 CH3#ITY7)

GiHRLCHS8 7] 14a)
(FHASLCH LZEIR)
GRS CH6F2F122)

. GESBCHO L 10B134)

9. (10%) [Fl 89T ]

Find a singular value decomposition of matrix
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I 1
A= 0 1
-1 1

(347 4 R BRI I3F. 2 BHSCH13 128,
(]

A= , et
0 3

yiE

£

EFE

1

WO=D, H[|Q'4"40=diag(2, 3).

B! R 31 B RSN 2= ) 0 J3

AQ=A, AQFVRY = =1 2T, VIR 5= [T iRt [1,-2,110

JRfSES TRl 0 (=2 B T S,
2 uds W6 |

p=| o uls 26
2 uds e

HI 4=P30".




