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1. Let A = 0 1 0 .[o -2 2 

(a) Show that the characteristic equation is (1 - '>"?(2 - .>..) . 

../ \ \-). - 3 S \ t 
- 0 1-'\ 0 ~ \t-A'> \'~~ ~,\\ ~. (, -,\) ()-,.\ ) 
+ 0 - 2 )-) 

f 
~A at",~ 1\,1 lot ......" 

o 
(b) Eigenvalue A ~ 2 has eigenvector ( ~ ). Find a basis for the eigenspace of A = 1. 

lA-"I)~-:. (~-Jb)v~y "I1l.:93":11 ~ o -.1 \ - ~~ v ~ v~.:.O 
Vl. ... 'tl. Vl 

(c) Is matrix A diagonalizable? If so, write a matrix P and diagonal matrix D such that 
P-1AP = D. 

\l...I (h"'(\~r~t.t ~ ,\-: \ \...... S ,~,~ I (S.M().=I\~ I) , U 1'-4 

~\otAo:~ ~\f'(\\ 

ck,,- )&-..J), ~~ ~ \, 
,{ ~~ (,\~ I); ;;) fs J' ~ ,'~ '\O~ ~ 

U 
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2. FinTd t:e least squares solution to Ax = b, where A = (~ ~), and b = ( ~ ) 
A A-1- -:. AT ? 

(\ \ \\ (~ \\ .; ~ (I I \ ) IJ \ 
\ \ U 1 ,\)) - I' 0 (1) ) 

(~ ~) i ~ t: ) 
(i ~ 1~ ) ~ ( ~ 1 ~~ 1\',3) ~ 

X~ (~~~ 

10 points 

3. Consider the transformation T : R 4 
-t R2, given by T ( ~~ ) = ( Xl + 7X2 + X3 ) 

Xl +X3 
X3 

(a) Show that T is a linear transformation. 

T ( i( ~;~, n',\) ~ T (~i,~; \ z: (~~I+'1\)+'(oI.'(lt1&.)-r(o''X3t<j$) \
 

~\ "''1J-+~:') (o(1-lt~\\'\(ot')(3rt3) )
 

= 01 (ll',t7l(l-+Y3\",," (~"7~"'1~\ ~ oIT(~I\-T('4'. \.
 
~,~~) J ~\T~~) ~ ) ~l J
 

(b) Find the matrix representation of T with respect to the standard bases. 

\'!.\:(I)=- \ 
I~'~\{L 

rota. :"' 
-

Tfj :-

(7)~ 7(/.,
0 -

(, \: I (t, 
\ 

fUeL 

t, eL 

~ I \ 

oJ) CJ 
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4. Determine whether or not the vectors 1, x2 
, and x2 

- 2 are linearly independent in P2' Do 
these vectors form a basis for P 2? 

\k ~ r-,~ AU~ C-~~: \ ~.:.u'~ (5 Qi..,. cL.p, ~ QJJ;-' 

1', ~I<i ~'~ ~ o: ~ ,J'-J.,S 

5. Show that the null space for matrix Am x n is a subspace? Is it a suhspace of R m or R; 

n.... A( <i '!: or V ) -= d flu~ ~ A '! -::. r;i. E.. -\- Q ::- O. Sol (j':!. of'.Y E- rJ.,,' 4 . 

n, k.+ "'i ~"-Jl-P~ a.. i~ CLo~J v-.~ s~ r-Jf 
~~'I\ , 

6.	 If A is an eigenvalue of matrix A having corrsponding eigenvector x, what is and eigenvalue 
and eigenvector for A 2 . 

A1.~A":l
 

A't'! :: A(A IY) z: A (),~ \~. >..A ~ z: ~ C., ~ ) ~/,l~,
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7. Let VV be the subspace of R 4 spanned b; the linearly independent vectors 

V - ~ ) V2 -- (	 ~ ) ,and v 3 = ( 20 ). The Gram-Schmidt orthonormalization process 1 - l' 1
( 

1	 (3 1/2 )( ~/2 )1/2 _ -1/2 . 
has produced Ul =	 1/2 and U2 - -1/2 

1/2 1/2 

(a) Find U3 
V3( =-"'3 - (~/3·~·)~ I - (~3 ~l) ~2 

- = (1)-[q)(~}j1r~fJ-[O)U~01(!~~) 
- (1)- (~~)-C~i0: 01) 

\I'J -- ~ 

(b) C iven· y -- ( 0~) ' find the projection of y onto W. 

2	 .4 0 $-.4 ~ 1\ o: <1..:.. ~ ~ t< I t~L rr ~ ~ ['!·~'1	 ,!, ~ [\.,!~ ~> lot. 'l,/..j~j 1:, 1'-<1 for fl,t' AlA-llvI 

'"	 ~~\} ~
 
7 I(~\r\~ (~~~ +L(t) f~D1 e!~~) ~H ~)f~0)e~~.\
 
- (( ') ~ (:'~ \ \- 9
 

~
 (f) 
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8. Let A = (~ l/A), Q = (~ 1/~ -1/~)' and b = ( A).
o 1/)2 0 1//2 1//2 V2 

(a) Find an upper triangular matrix R such that A = QR. 

"';}. (\ 0 0 J( Il'\ - 0 'Ili. 'Ifi 0 
o -'ffi '1(.... () 

(b) Use the QR factorization to find the least-squares solution of Ax = b. 

A -X ~ 6' 

I I y~'\ _(I ~ 
( o :"\ "JC~ ) - J.. ov v 
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9. Given that T(l, 0,1) = (2,3) and T(O, 1, 1) = (4, -2), 

(a) Define T as a linear transformation from R 3 to R 2 . 

T I') ~P'~ c..!a-.~ ~ 'I~ u..j.i,., &' 4. ~J.~t· odd 

~ ~ \(~)=(~)~ ~\X~rt--;RL, 
3

(b) Find x in R such that T(x) = (0, -8) 00\1. ', -;)(J.3)t 1('f - 1) '= (0)-8)
1 

~l.D \ T (-J(~)+'(n)=-:...~n91+1(?)"'-;l m"'l(~l\= (.:'s) 

~ 'Y- -::-,l(~ )' \(n ~ (-~l). 

10. Let A = ( - ~ ~ ~ ) and b = ( ~ ) . 
-5 6 -3 1 

(a) Write the solution set for the system Ax = b. 
1\,J; 3 \:J '1 3 \~1~S . (103 )

-J 5 tj \ 3\ #Y (0 ~ 16 \ ~ \ " ( o I ;).0· ~ -V ~;;b L 
( - 1" t- -3 \ \) 0 I (, ~ \ II, ) 00 

\ ) 

X, -t3t~::.- , 

X. 2.\-l'lo.3 -:. , 

'f,.~ f,-,d­

(b) What is the rank and nullity of A? 

Ao<-It;')lA\ z: i ... I f--•• O"'-,~V 

11 ~II'" \ A. ~ a, ~'j I'o-"---s'\~~ \l(vv\, 
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