Apr 10, 2018

Exam 3
MAS 3105—APPLIED LINEAR ALGEBRA, SPRING 2018
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(CLEARLY!) PRINT NAME:

Read all of what follows carefully before starting!

. This test has 7 problems and is worth 110 points. Please be sure you have all the questions before
beginning!

. The exam is closed-note and closed-book. You may not consult with other students, and no
calculators may be used!

. Show all work clearly in order to receive full credit. No work = no credit! (unless otherwise stated)

. You may use appropriate results from class and/or from the textbook as long as you fully and correctly
state the result and where it came from.

o If you use a result/theorem, you have to state which result you're using and explain why you're
able to use it!

. You do not need to simplify results, unless otherwise stated.

. There is scratch paper at the end of the exam; you may also use the backs of pages or get more scratch
paper from me.

. Some questions are multiple choice.

o Indicate correct answers by circling them and/or drawing a box around them.

o More than one choice may be a correct answer for a question; if so, circle all correct answers!

o There may be correct answers which aren’t listed; in this case, only focus on the choices
provided!

- O O

1 0
. The notation I, always denotes the n x n identity matrix. For example, Iy = | 0 1
0 0

. Script capital letters like B, C, etc. always denote bases of some vector space.

Question 1 (o) 2 (10 3 qo 4 (23) 5 (s 6 @y | 7 az Total (110)
- T
Points ‘

Do not write in these boxes! If you do, you get 0 points for those questions!




S ane (.1 .

1. (10 pts) How many vectors are in the column space of the matrix A =

o O =

01

1 117 :
01 =—7 Qd('\"\ =

(1). Zero (iv). Three SPW\%('OM'IC‘Az"“";j

l«as % - nany wecs
(ii). One @nﬁnitely many

(iii). Two (vi). None of the above

10 1\. ¢ Vi ‘l‘Y‘; =0 = K(‘=0
2. (10 pts) How many vectors are in the null space of the matrix A= [0 1 1 70 XIH(& S0=X =0
00 1)y X3=v

(i). Zero (iv). Three

il
Qi)/.,(.)ne (v). Infinitely many

(iii). Two (vi). None of the above
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3. (10 pts) Which of the following scenarios is possible? There may be more than one!

fanl, + nu\\i’f‘j':- 3I+rd Y O =& ol

@A is 3 x 5;
rank(A) = 3; ranlcy nw\\(hj = s /

nullity(A) = 2

- / ogQ 8 Jd -

fif). A s 3\ ] o Jd g

col(A) if 4-dimensional; (ol ¢ ,\E‘i\ \,3 - A Gl ' \ow\— Co)j ot A" o

vels \V\ Q‘S g Sfay\ i\,e('5 n \233 dam_}_ be/
4w ',

<u(jL7ulﬁ

(iv). Ais 3 x 5;
O:ank(AT) =3; O tan(A)=3 ( So O‘LGS \o\, g ()

nullity (A) = 2

= ran(A\=3§ dimy (CO\(A)\ =3, lur A‘ has On\j A clamn )

rank( ;RS ~— 1‘0&'\&’. 'S OM’W; ﬂl.s 'S O SQQCQ .

nul(A )1 2-dimensional

(vil). All O%above

(viii). None of{the above
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o O o=

0
1
0

= O o

1 2
4, et A= | 1 1 . Note: RREF(A) = . ° Rl s .
i) L) e
(a) (6 pts) Find a basis for the column space col(A). dc_aﬂ »&,(“

B = {Co\ﬂ( Cel 2, Col tﬂ Auis ex.. ..

2
0

= {4‘(\, "l)T/ <2( ‘ll?T/ <011137Tj

(b) (6 pts) Find a basis for the row space row(A).

Z<lr2‘3107, <\1 \l \127(<“( lf 3! 57§

¢

ol

% <ll 0/‘\‘07,<6’\(2.‘O>/<016;O/ 175

Question 4(c) is on the next page
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(c) (6 pts) Find a basis for the null space nul(A).

weF (A1) * (ReF(W): O L
o ~l o' 0 -5\)\“\‘“—&
\— O\ [ " o {'mr

0

. ww:%

6G o o |

So Xy =% =0 X = X3 \
Yo t2 20 T2 =l > Y- xgf-2

Xy TU X3= X3 !

= OX; c/

Bz {207

(d) (& pts) State the “rank-nullity theorem” and confirm that it holds for A. Justify your claim.

Twm

can\C(A) + Y\\A\\Uj(ﬁ(\ = %€ g (7AY> .

8\5 (0“5 Cetnle M 3 \by (C) V\U\‘ \"Uj ('AY) i Cl@C\([&l
X< ol GA{) 4. Seo

2*1—; L,\ /
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5. Let T : R* = R? be a linear transformation, let A denote the canonical matrix of T, and suppose

1 3 4
RREF(A) = < 0 ) |
01 -1 1

(a) (6 pts) Show that the kernel ker(T) is a subspace of R* by explicitly verifying the three subspace

axioms.

Hint: At some point, you should let u,v € ker(T) and let ¢,d € R be scalars and confirm the
axioms accordingly.

K O\ =
SoLuTion:  |A) (el \-‘\?_—\(52_,(“ (T>, BS O(.Q:?f Hl@{xe&h\ TO()':OS-
Noket WIS o0 subet of ®Y (it vedtds  dwme from u’a‘f)_
- ) - -
@15 Oed? (Arve & ¢ onlxj & TG?):O)

“-‘-‘_-__‘-‘_‘—I—_

es! WA B3/c T i linar, T(3)=7.

S . \
@ k Uel, is TUH Feal ot 07 (@) = Tee)=87

Bs! T lieme = TER)= ¢ TR = 08 (hje Tel
Hue, Cae H.

o~ N T)=
@® WVeH, v WtTeH?

{1
UOU Ql/

WS T e = T (W4¥ )= TWH+ TE)

- -

O +0 (bvlcReh & ve)
_
0

I

Ths, Tt Ve H

So, laac(T) s & S“‘\OS;@E ot M \ i

Question 5(b) is on the next page
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( 1o 34 ‘o
o (-l 0
(b) (& pts) Find a basis for the kernel ker(T). / j

LR ‘le«( “ = X T "3X3 t+{¥y
2 ~X3 '}‘)a( =) X, = Xz _X(_(

X3 = ¥3 +Oxy
Xy < OK_B ’F‘X(__f

=2 K= {<31\([,0>T/ <Y..0, [>T§-

o
N~ iy
(c) (4 pts) Conclude that range(T) is a 2-dimensional subspace of R?. _ a&Cés(‘ _
‘Ml(k" \'\‘L -
Hint: You can’t find range(T) explicitly, so don’t waste your time trying! 1\ =
' 0 | ¢
Nolte farge (T) '8 o subsel of @% Ew S o Sbset of
VA : .
codom (T} ~(R2

e ColA = Spon {Somo. \)&csg L3 O\\wakji Q SM\DSQQC,Q_(

Se mvw}dﬂ IS a SabSpch ot \TZZ’. /i
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6. Let B = {bl = (;) , by = <i)} and C = {clz ( 71> ,Co = (0)} be bases for R2.

(a) (4 pts) Find the coordinate change matrices Ag and Ag.

wee (0 0) me(n )

. y -I/3 7'/3 A__\ . o] ‘/7
‘\ﬂi‘ AB‘: (1/3 -I/s\ & N -1/1 “'/l‘f

0 =
(b) (6 pts) Let x = (1) Compute [ end e Ruaall. X =Ag(¥]g = A &®]p

e Xaaglil ¢ XAl foo Glg ¢ Bl g
) ] U]

K|t 2270 i .0 - '230) -\ /o “\ [0
Zx ¥z =1 (l ( ‘ \) (7 o | ‘i': Alx(l\’ A&(l>

P -ty Hig= X\t 2%, =0 d
- “{ :) X( = b
¥a* 3 X =\
¥~ 23 X2~ "%

3 > V1
=7 @—.}{B = (-‘/3 [?1&: (—!/'qz

Question 6(c) is on the next
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(¢) (10 pts) Using only the definition (no commutative diagrams, etc.), find the coordinate-change

matrix Ag_c.

SOLUTION: A@?@ p— EE —l(ﬁ, ] ] Needh {o

£inch E—r\g & \:T;AQ
“ [.\9]@/ < b' Aé,[:‘g]& 7 (A?;‘ \0‘)

o (Ble < Doz he Ble <o (Ae i), )

W e S 5

T b

Can  solure SlMu\hv\ea,Ls\ ( "o
AK, z)

S A
Co2 -t 2 Lo () (/e
{

o LYy T

A N E A o
/g—=-7(c —‘-’t/(b\ -—(S'/H .

Question 6(d) is on the next page
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(d) (5 pts) Prove that Ag_c = Ac_lAB.

0 © V9 ‘ -
A’@ AB;(-UL -I/M) 2 \

- [ 2[7 l/7
-4y -5/

7 T
2 -1 =%y
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7. (1 pt ea.) Indicate whether each of the following questions is True or False by writing the words “True”
or “False”. No justification is required!

(a) For every matrix A, the linearly independent rows of the matrix RREF(A) are a basis for row(A).

(b) For every matrix A, the lincarly independent columns of the matrix RREF(A) are a basis for col(A).

(¢) If B and C are two bases for a vector space V, then the map sending B-coordinates to C-coordinates
is a linear transformation V — V.

(d) If B and C are two bases for a vector space V, then det (Ag_,¢) may equal 0.

(e) If B and C are two bases for a vector space V, then the map sending B-coordinates to C-coordinates
is injective.

(f) The transformation T(x) = Ax is surjective if and only if codomain(T) = col(A).

(g) The matrix A is invertible if and only if the kernel of the transformation T(x) = Ax is a 0-dimensional
subspace of domain(T).

Question 7(h) is on the next page
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(h) If H is a subspace of R*, then there is a 4 x 4 matrix A such that H = col(A).

(i) If Ais m x n and dim(row(A)) = m, then the linear transformation x ~ Ax is one-to-one.

(3) If Ais m x n and the linear transformation x — Ax is onto, then rank(A) = m.

(k) If B = {by,...,b,} is a basis for a vector space V, then removing by from B will leave a set of
vectors which spans V.

() If B = {by,...,b,} is a basis for a vector space V, then removing by from B will leave a set of
vectors which is linearly independent.
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