
MATH 544 (Section 501) University of South Carolina 
Prof. Meade Spring 2010 

Exam 1 Name: --l<=--+-e~_-
2 April 2010 SS # (last 4 digiti): _ 

Instructions: 

1.	 There are a total of 7 problems on 7 pages. Check that your copy of the exam has all of the 
problems. 

2.	 You must show all of your work to receive credit for a correct answer. 

3.	 Your answers must be written legibly in the space provided. You may use the back of a page 
for additional space; please indicate clearly when you do so. 

Problem Points Score 

1 18 

2 10 

3 18 

4 12 

5 12 

6 18 

7 12 

Total 100 

Think Spring (and Summer)! 
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1. (18 points) Suppose the matrix A has been reduced to echelon form as shown below: 

2 -4 -2 3 2 -2 3 2 -4 -2 3 
6 -9 -5 8 0 1 -1 0 3 1 -1 

A= 2 -7 -3 9 0 -1 6 0 0 0 .5 

(a) 

3 
\ 

4 -2 -2 -1 0 2 -7 0 0 0 -5 
-6 3 3 4 0 -3 13 0 0 0 10 

Construct an LU factorization of A. (Display Land U.) 

00 0 0 ""L t.t -L "3 

-- ,\ 0 0 0 :3 
, 

... l \ 0 u lL= 0 0 50-

2 -4 -2 3 
0 3 1 -1 
0 0 0 5 
0 0 0 0 
0 0 0 0 

, , a1... 1.... 
0 <J 0 u 

-3 -3 L- a \ 0 0 0 

(b) Find a basis for the column space of A. t'.u~m~~ L, 2. 1~ 
~~~ l~~~~ 

iN ·~x A~ 
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2.	 (10 points) Find the 3 x 3 matrix that produces the composite 2D transformation, using 
homogeneous coordinates, that rotates points clockwise by 45° about the point (4, -5). 

ok~	 r I.N.~ cLoc~~) 

lo\A.-\- «\.ttX\,...J C-GVV\~ 
Cl,o c It.u \~ . 

'\h\~.~"('\~.~~c..:.t,~.~ ~ "'A -:s ~~ 

1... T "",,,""l"k \....'1 L- 4\'5) "" l-AACW ~ F \'"~ (4I --<)) .~ (0,il) 

~	 - [~ : ?l 
Gi _I<u~-k ~. 9 = -"7,-\ C \;,o",.\- t\.... ()(\<SIV\) :
 

T;. = [Sl"~ -:t ~1 L~,- ~~ 01
c= 

o i La 0' 

l... L\~~- ''1... 

-5	 5 
[~4]l~ -"]	 «..- ClE--5 

'L. 2-~ 
~ 

i	 0 0 \o 0	 0 \ 
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T3. (18 points) Given u in Rn with uT u = 1, let	 P = uu and Q = 1- 2P. Show that 

2(a)	 Show that p = P Nok: LA 'S V\",-L (veck) 
li l)"T \s 1. ~ i (s~",-Lo.r) 

V'C; ',~ '",y..t\ (~~x). 

(b)	 Show that pT = P U~\'d (h~f::: ''E~A\. 

~J ~T~r~ ~A, 

(c) Show that Q2 = I 

QL-= (:L-2-1» 
.~ 

~ lr-- Z-t=-')(::c-- L~')

":;: ::r= ~ - 2...Y' ~ 2-'t> + (2.1»'2-, L..
 

'L	 6-<..:-"'" , tl r -"I:) '0' I "")
~:L ·4'"'? i- 1.\-1> -- ........--.-. ~ '1 .
L 

::: r- 4-1> \-'r~ "-= :c. 
(d) Use the previous results to (i) explain why Q is invertible. and (ii) find Q-1. 

,~Lu.l~ -t6~~\L ~~)C~	 -+c-\.k tk+ w~·'.A 
-t\,u ~ ~ 'IV' (~\-r-. ~ C v.;~ +t".. 4-lu p~~ -\-k.-\- Ac '=:I: 

~"'- C ~ .,1\-\. 

\to~) 6 (~ ~L =- \ I.M-t llt--<\0 +LJ cQ 8. -:c
l~ Q-\ =Q. 
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4. (12 points) 

(a) Let H be the set of points inside and on the unit circle in the xy-plane. Explain why H 
is not a subspace of R2

. , 

'tJ\.Mlo 0"6 U (02.t--\)'- =- 0 '$.1..) 5 ~ N,l+ c~~-r- eJ.: ti ~~ ur 

~c,J.or I1'J'...M\:~ \.ALc:."J..~~. Pz>r el<..~l..J. ~ ~\ \. 

"C =l~l V =r,1 o..<-'oo~\~ \\ b,.t ;; ~V; [.1 is ""I,.;.. \-- . 

M) \\ c.::: Z. .~ c.:C": [2.J ~ ~\- \V\ \.l, 
(b)	 Let S be the set of 2 x 2 symmetric matrices. Recall that a matrix A is symmetric when 

AT = A. Determine if S is a subspace of M 2X2 ..... ~J.e: ~ 'N-L.J... L'!-L.. s'-( t-k~\n'---t 

S~ l-A '. AE. Ht.,.I.1.. ,AT c-::: A1.	 W'O-:-tx \.-.o..~'-\-k '~1	 

- \0 1 
G.S ~C~ 0' =- D • A ::- L'10 c. 

'\ +A,~.Go S ~",- (!.. 4~f- A\~~:: A+fS A~1S es. ',
I.t	 A£S '"' c.t:lK ,~ (<:.. A'jT:: C AT - A ~ L ~ ~. -'. S \S ~s ..J?s~ c" 

5. (12 points) Be sure to provide a short explanation for each answer. 0+ Hz.~ .. 
(a) A 5 x 4 matrix A has 3 pivot columns. How many vectors are in any basis of NulA? 

"5, ~ A'k a.\ Lv\.M'M'I\..S 'ov-d '3 J- ~M. (~ P
•

N ~i\- v.3lM...-..1.~..\.
 

~ l.I-.I-,\l ~ 1. .~ v~v-.~\:'Lc.. \l.Msk Vt"~~lt 8\"f~
 
i~. '\",,-~ 'o~,:s .~ ~-.\.l,
 l 
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6. (18 points) 

9'1 '9 9 g\ 
-  - gOg 9 2 

(a) Find the determinant of A = 4\ 0 
9 0 

0 
3 

5 
9 

a 
a 

. 

6 0 a 7 a 

~ ~z.	 [ 
dA- A::: l--\) W ~ ~ ~ ~ = (-l)(-2') &A ~~l 

:0 C-\)l-zXi') J.,.-l [~ ~ 1 
-::. (_\) (-L) (3 ) lLg - 30 )
 

:: t-\)l-2)('S) L....Z..)
 
:.: - \2-. 

a be]
(b) Use row operations to show that det a + x b + x C + x = O.[ 

. ~"'" b c. ]~' tD·~ [o...a+ 
Y 
~+Y C~Yl .cltt	 Q-\-)C. b.-.x. C+ x. ~ cL{. _
 

"-h-t bt. c.''1~. 1-'6) ; ~ }
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7.	 (12 points) Use coordinate vectors to determine if each set of polynomials (i) is linearly 
independent, (ii) spans P z, and (iii) is a basis for P z. 

'") ®~ ~C0 
.- IL.., 0'] ?' [ "0l	 ,_. ~'1@-2-©-® [~\ 
-, I ® -(J) - CD 0	 o 

ti~ ~eu..A.U --t-lA.JL'ri' B Co\. f;\'-tC~ ~~ V"\lL..0\\1\ 

~ . -l·-.,\'N\IJ'~ f A spo--:\\< 3 l~ ~V\o.'·lP2. ') . 

L~) ~<"'CUJo.U.~ ~"' ~'~:::'~ \\1\ ~'l. ~~~V\, 
~ '-O~~V4 J' .A ~ ~'V'C~ '\A~' '~ ' . .c~ ~ ~ ~poL<-t'1\.~f-.l'~\s~ 

ll~~) \tJs S-L-\-'~ 3 f'C ~~1u.A'-4 ~':\?L \S c... \-;c\ll>13 '~~ \'\-l. 

(b) {1 - t + tZ, 1 - 2t - t2 , 2 - 3t} 

-	t l 1-.1 (!;> t-(D --(b) ~'" \ 
-, -2. -3 ~ 0	 .- ,,A=	 

\ 

[ ,-\ ($; (D'-@) . 0	 o 

L~)~c~ ~~ ~ ~~o... ~~u~' '" ~-, ~'i'" ~ ) 

--tlu- -.-L~v-~ ....\- A C>-rt- '--O\- G~,~ \~&~V\.~ .. 
l o--d~ 3 ('0 L.,"'-" '-"-'"cJ~ Vrl. ~ ~"-" (~~ ~ :J). 

(L:..) '~(OvJU ~~ \S ~+ o..pNO~ \v. ~'1 ~ I ~ 
e..uluoM-V'-~·J .4-~~ ~l?v\'\1(3 ~I -+W.. 3fJ~\t\.-Q~~Qs 

clJo v...JD-\- Sf>'~ \PL . 

t ~~~) '"TlA.J.~ ~-\- 0+ "3 ~c:k ~ vu::.-\- 0-. \OO~~ ~~ . 


