3 -4 3 9 =37 ' el < (S 0
0 1 3 -4 12 -1 -p 0
I_ ~2 4 e 40 Do dh
4 0 0 =7 10 5 S ¢ 1
/(.}
ROW EQuUIVe
1 0 5 0 -1 B e s R
R“EF: 0 1 3 0 4 B
0 0 0 1 -2 A e S
0 0 0 0 0 SR L e s
-37 -4 3 3 9 0 0 o
12 1 0 3 4 g 1. 9 0
= 8 o 4 < 2 11 0°6 1.4
10 0 4 2 =7 0 0 o 1
. —
ROW EQUIVg
1 0 0 0 -1/2 EeE T T B
o 0 1 0 2 0 =15 4 2
RREF- 0 0 1 -1/2 S SMB e e s
0 0 0 0 1 =2/3 1/6 -1/6

oA
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1. Let A be as the matrix given on the front cover of this exam; note the RREF form of [A|l4] is given
there.

1A. Let b be a column vector in R* with entries by, bz, b3, and b;. What conditions, if any, are there
on the b;'s so that b is in Col(A4)?

The RREF o [AIZ] Shows b'¢ G/@)@[ﬂ =i~ fb Y, - e’u,J
1B. Find a basis for Col(A) using the ideas presented in class.

The pivot. cols in KREF A oe fols 2,2 4l 9, S0 e Corregesnetiag

lomas J A fom s bosrf GoY), The bani 55 (3] [4] [

8 e
5 9 [

11,09, 7

1C. Express the fifth column vector in A as a linear combination of the basis vectors in (1B}, and verify
that the linear combination is correct by evaluating it; show the work.

The RREF  Shous iy Aot ol $= -1 (wd1) +9(al Y 2 alfy);

~37 3 .
Asce Came I..Mj}tlh Lo e SRS e e : ~3
qo -2 P o
10 o M o e
Lt Qi = 3 e VR, ooy
1D. Find a basis for Nul(A) using the technique presented in class. A o+ + 8= (2 058 ED(
The RREF  shaws m’m':glgk“:b' one 24/ +12 Ho .
~ -y+0 + 1 /0
:'7 5% +‘:5 - 1 e
S‘E: " -'SXJ'- 'h'-s" 4 -3 -l e
:" = X, #+O0xg |~ nalid {53l ULN. ¥; dwd Xg : o | EY NS
1 L I &
*s gx;+ ‘!?-"f : f Lre FREE A 7 bitn
. | VX, + x;- oy (

1E. Let B be as the matrix given on the front cover of the exam. Note that 5 has the same columns
as A, just in a different order. In terms of linear combinations, give a good argument why Col(B) and
Col{A) must be identical. (This is a “general truth”).

A vectsr ¥ i in GIAYS 3 6 some L& of the Glomrs f A, One soch 4 L€

s fornds the ferms can be rmrmﬁaf (since alolitsin & commotatiive) o pdch the
prole. in vhich A5 cdvmns appaar M Q} chowns g a LE 9“,5{‘, g

o B. Any vechr i GlfA) 5 in GlB) and viee eBa, o (ol(A) = GL(B),

1F. Is it a coincidence that the last row of RREF form of |B|l4] is the same as that for [A|l4]? Explain
VOUL ANSWEL. /Vﬂ fo."f‘l cl‘dfﬂcﬂ . ﬂ:’l(& {a_.f[fd}) =1 {nf(:?), ay @yu{;}}m é" 5 st

e et

fﬂﬁ!b-)(o( B}_ J"lr. in one fdfdmn.f’aﬂﬁ mw."’én- r’:ﬂ‘.; Lame  (ondifions ’Qr Bu J"'p Lu:*:-f{g
b other,
(lan_ B=|: ])

by
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2. Again let B be as the matrix given on the front cover of the exam, and suppose T' : R® — R* is

defined by T'(x) =
2A. Find a basis for the kernel of T" using the method discussed in class.

Wb Mnaw Ker(T)=Mol (B), ReMhift) %= x,

Hj

i
2B. Find a basis for the image of T (or, range as the book would say) using the theory developed in

'Y Tn(T) = (ol (B) 6ot 2 badk b Wl o
=391 [ [ 3
][] [4]
10 » 50

2C. Is T one-to-one? If so, explain. If not, give a concrete example showing why not.

ﬁéﬂil}h i o .
0’

o i
_N_.g 7 - = THE = re O since ﬁéa! 2 wibs are
£ S o (wf!. e ko A7)

O I

- p) % e bk ek G 5 ir T()=T(0) g MJ
C‘;lOt —E* #‘ [ F‘;;.] there. are co-many conter examples , ‘j
5 Covse

i
2D. Is T onto R*? IF &, explain. not, find a vector not in the image and explain how you found it.

Ao Thaw tedirs B in R For hidn T(R)=5 oo ol Aoy
ke ot in GI(B) uill @b ; we ned o ol & )];Qrum@x

o mwrm.s?%nt; A ;‘ﬁa ﬂc zs "/ffg +/é-b */éé #‘C‘
i €bay f.mfhpfe b :ﬂ“f] W

2E. Are Nul(B) and Nul(A4) equal? Hint: can you express the basis vectors for Nul(A) as linear
combinations of the basis vectors for Nul(B)?

DLW.IWS Fhat [*-f] ﬁi é-tfr.-: mﬁt’;’/r/""ﬂ}) C‘"é ‘é ﬁ/ﬂ/m’ﬁ’m £ ﬁf‘c‘

o

of He bacss vesbr : /:;f“"‘ [] ve Gnt 528 b MU(8): F g y

e
-5 & i”i’ .
b Gt 'rldd:;f -,_"" ,:.{‘Mﬁcf,.,kéxarﬁ/?u#;[pm&k&srw
e i:?[ F f‘ Mg M Lﬁl‘{ﬁzﬁ Gﬁ.m"r b o=¢o 2ﬂ'£? byt )%m
; : Hut chorce maKes tha LE  Of Ao right fﬁudr‘p d

net (), fo [ 51 i 8), 1 f e i A, g/ 1) 2 JAB)

&
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12 4 -1
gL =H
1
0

3. Let O = 0

0

-0 OO

2
1
3
0

3A. Find C! by the “[C]I] ~ [I|C~']” method we developed in class.

C T 4 - { & & w
C 1 & o) pioon
o 1. Pl aele
- G- D D) opod
o 0 4 ~I[1*noo]
0 | o e B i T R L
o0 | 0o|lod 1@
[ o O d'ao{_
00 o0 -lf1o-o
ol W - T O - IR B
o e T T S ¢ ey o (9
e A ST oool |

3B. What elementary matrix E changes C into R

ROW’Z 4( ;m L'Ju ,?o&m( m;‘l:
RC’UZ"" Z'RWI-. Qpﬂv

November 9, 2007  NAME Sfjjzshaf .{Jﬂfs

|0 OCo o0 o |
g | Db Lt [ L
00 Lo 0 =110
o ool -4 & Ho

Sihce ;j I-,r} @é Ll

Wore e 4re féﬁ;’ “orders"
in hih Hi o pedydbon can
be dore.

when EC' is computed?

Tl

ﬁﬁ?f,ryjk’!‘&é_:ZfOD

oo €

a0 g
m
. 11 -6 5 &
4. Let I be the matrix g Bl
2 0 4

1

4A. Find det(D), taking advantage of the 0's in the best possible way. Show all your work!

. 3
One ”f&sj pa.f‘}" : oM{Q): 55| R -
LR

4B. Find det(DD).

= ﬁ(@*&&f(ﬂ)= /515 = @
4C. Find det(DT).
= dit(0) =(I5)

4D. Find det(D™1).

- —, —
= ==

ol (P)

2% Y
-Sfp.0  + f-(w_-'fsr)

- @
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5. Let S be the vector spaces of sequences of real numbers as we discussed in class, so
S ={s = (s1, 82, 83, ...} | each s; is a real number}.

Define T': 8 — S by T'(s) = (s1?, s2°, 83, ...).
5A. Find T((1, 3, 5, 7, ...}). (write out the first four members of the new sequence).

(5355575 )= (b 1 25 7 )

5B. Show that T is not a linear transformation by using a “concrete” counterexample. ;

we vill shos T(Vs¥ ) T(U)¢ T(R) 5r joncedd) [t G=(1,3,5%, ) and = (11,

Y )
Hoin T(E': + -':':)-: 7-(6" ity ?} e (G440, -)) = T{@, 16,8, )): (‘1’} %, 3¢ ¢4, ....)
e T() < T(R)= T35 3 o Tlhin) = (19,2590 001,450

NB Heg are @j‘m‘mﬁ (Haltr oxamply = (23 % ‘6, 50 ) 2 )%'I. V4
e, oF (ouase .") ﬂ_&r ('ﬁ 16,36, 65, s

6. Now define ¢} : S — S by Q((s1, 82, 83, ... )} = (83, 84, 35, ...), 50 @ just “drops” the original first
two elements of the sequence s and shifts all the remaining members of the sequence to the left by two
positions. Now ¢} is indeed a linear transformation; you don’t have to prove it. BUT:

6A. Find Q((1, 3, 5, 7, ...)). (write out the first four members of the new sequence).

= ({ tau )
6B. Describe the kernel of ¢}: All sequences s of the form s = (s, 82, 83, 54 ...) for which ...

s C?(( G e o ))=._ ﬁLJW vectpe /c:; 0,00 ),
Nowsy  becavse.
QUS55 555,70 = (s, Sy i) e
must have s, = s, = Ss=Sy=eee = O ok e $ b Less Kq-(@))
b of awe the L Gn ke WY ral #
Aerthre Ko (Q) .-.-[Ea(s,,sl};,} -) éj/ $ G f He brm [-f,,&, 0,00,-~)

Mﬁ,nﬁ s, 2 3. Are Jrg-"?ﬁ;y real #_% Kere @ & 2 2-D Us,
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sin(a + §)
7. Explain why the subset of vectors H = o' € R’|a,d € R } cannot be closed under
g

vector addition with a concrete counter example. Hint: let @ = /2 and 7 = 0; add the resulting vector
to itself. Why isn’t the sum in H?

Si 1
Mdﬁ%@ﬁ([}ﬂ@i Hhom .j;,-[ 'l_ﬁr(zj:[@,_] o m H
o)

o

pinal 2 2
Nely V + ﬂ?:-]-r[ﬂ?i]:[n’) J/Ancﬁ QQEL . //éeam_
: 2 2 P
Hure are NO Mvc.cjx br i on() =2  sice -[San x s | b B xelf
K{fﬁ‘rmﬂ% ;7 ?f?Ur:‘_ér [L?I-J,ﬁa [ 7 %ﬂ\'{*f:ﬂf}] e et set o T ‘?ﬂd‘f(_?/:: o

Lot Hhm P @azémt woidd bee 0 T = O mstwd 4 2 ;

Hoo B ko pair d P’ o aohich [ﬁh (j:—fpr)]:: [i]
(,}' (e

8. For each of the following vector spaces, give an obvious basis, or explain why there is no basis, and
then give the dimension of the vector space:

8A. R3 ( o) BASIS DimensioN

sB. {0} 0 bsis: Fhe ol sf,céfm! O
in [ 5] ek spans thi V2 (35 4o
bt fos st @ hot L L.
_________-—-———_——_ R RER
B Py 2 ! , £=; t:j L/
or, mefe [l £+ Eoet, etetel]

byt M [Qrét'*df-ld-ﬁﬂtsj /(




