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MTH 309, Section 2 Exam April 1st, 2019

Name: ID (helpful but not necessary):

Clear your desk of everything except pens, pencils and erasers. Show all work clearly and in order. No
notes, phones and calculators. You have 50 minutes to finish the 6 pages for 100 points.

1. (20 points) Check that whether the following statements are True or False. (a-d 2 points; e-h 3 points).

2 (a) or False. Let R denote the set of positive real numbers. Define the operation of addition,

oted @, by I‘/W S'Clg’ J ,2

r@y=ax-y, forallz,y € RT.

Then the scalar 1 is the zero vector satisfying Axiom A.3 in R™ (with respect to ®).

2 (br False. Let R' denote the set of positive real numbers. Define the operation of scalar
nfiplication, denoted o, by
k. Sec3l, 12

aox =2z forallze RT.
Then for two scalars «, 3, we have
(af)ox =ao(fox)
Hw. %32 .2[((')

1 13 -4 0
\( (c) or False. The vector |1| is in the null space of the matrix | 2 -1 -1 [ l]; [0}
1 -1 =3 4 |/ o

K (d) @ or False. The two vectors { m , m} form a basis for R2. HW. 2e3.3 | (.

FS (e) @é or False. If —1 is an eigenvalue of an n x n matrix A, theiﬂ is an eigenvalue of A%
plinnd HW . % bl. 6%

‘S (f) True or @?The matrix {? _01} has two eigenvalues \; =1 and Ay = —1. .
iﬂ-ml Ns&f P(}\):r}’\ _:{ /: Az+’___o /\,:t, A-Z:-",- A/o ?e«,/

= eganl,
g ue or Aalse. Consider the mapping rom to given by .
Tr Consider th ing L from R? to R given b rvalues
0 3
L(x) = ol XE€ R
L is NOT a linear transformation from R? to R2. HW. Se 4:2. 5 ( A)

& (h) True or Consider the mapping M from R? to R! defined by

M(x) = (2 + 22?2, x= Fl] € R?

T2

M is a linear transformation from R? to R'.  [ectuke /{/m ( sz{mé @(“7)[0
ML = . M3,
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MTH 309, Section 2 Exam 2 April 1st, 2019

2. (20 points) Consider the matrix

1 2 -3 -1
A_[—2 4 6 3}

Cr32.
(a)(12 points) Find the null space of the matrix A. Show your work. HW, S 4/6)

7 =3 ~lio) pl2 =X —/0]
A= [_1 <4 6 3 o]_°[o °© o | io

[‘ 2 =y O Y o

o O @) ,/J Qj %‘L

><,+Lx1~3§6j:0 X=X, XE:P_
= —

Fl ok AN N f |
z}[f :a/g’}g{j) NAD={ o é>+§‘z>|a,€<llﬁ_
(f>m0( ; Jn o b V/Wo&wﬁlé,

Bt

(c)(4 points) Find the rank of the matrix A and the dimension of the null space of A.

ke (A= 2 2L
@&Wg;mf VAN Pele =2 ot
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MTH 309, Section 2 Exam 2 April 1st, 2019

H H ;H HO S3.4, &

(a)(8 points) Show that x; and x», are linearly mdependent

st GX +G5<z—[7 => [2,_1} [‘)/%
/—I)O 1 —l,jc
WW&-(Z Bjo]_j[o S OJI) [0 | | © _
’ C o |l o jj)k/

S 4o O7)o

3. (20 points) Let

W N =

b)(10 points) Express x3 as a linear combination of xq, x2 (if possible.)(
o) Sk on

“ s e falah]

AﬁW& notii< [l - ] I ~|;é 6 lO;‘f
2 3\2 >0 &§i-Jo|_ 5[0 (":2_ o|!,

P 3 404 /—"ﬁ o | ]2 °0| o

C\iF P

:4% D [pt

(c)(2 points) Find the dimension of Span (x;,X2,X3). (No explain needed.)
dinonson = 2 ZTat/
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MTH 309, Section 2

Exam 2
4. (20 points) Let

April 1st, 2019

2 =8
a7 7 b Scb3. |. (0
(a)(12 points) Find the elge§values of A and one eigenvector corresponding to each eigenvalue
PN~
PO\) od:b AXD)= / =

@ENLE N - | = W4)\-8+§ “Naan=0
=0

. ”&’t Wi/
Qa()-'l"[j'- 5 b[; ’D, \:ﬁ;i : 414‘7,-—_[:[4 - dj[l :Lj ) Y) TR0

I =2 ¢ o X =
e,«(jmvem Ve % | egprsedy Vw:f]
o , J
(b)(6 points) Find a nonsingular matrix X and its inverse X ' such that the matrix A can be factor-
ized into a product X DX !, where D is diagonal.
¢ 2 Ton A= D-XT
x:(w\,vhr_(l ey A=xD-X

= 2 (] ﬂ :[7 7][: zoylj ;/J

(c)(2 points) Use your answer to part (b) to find the eigenvalues of A5. (No Work needed).

4 s 7‘*”(‘“’5 N=05 A=

_diuu\ Qg hax UJ’U&(MM Og:O anol (—:bga 32

\F(/ ' JT(/

(eptinal M. &4/ )
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T

5. (10 points) For x = [m] € R, let Hw. &4.2 2 @)
L(x) = [% 2)’ !EQ]

(a)(2 points) Is it @J or FALSE that for any x,y € R?® and scalar «,

L(x+y)=L(x)+ L(y), L(ax)= aL(x)

(b) (6 pomts) Find a matrix A such that L(x) = Ax for all x € R3.

R R

L@y [’] Lae[!), te=]

Matrine @mﬁw 4‘—[0, ; :]
o

(c)(2 points) Let S be a subspace in R? given by
1
S={a|-1| |aeR}
0

Find L(S), i.e., the image of S.

f o) (2) e T
7’('*”%“5 MH=1 (f) ¥
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6. (10 points) Let P3 be the vector space of all polynomials of degree less than 3. Consider

oy,
7 Cec2.2. ] >,

px)=z+2, qz)=2>-1

(a)(4 points) Show that p(z) and ¢(z) are linearly independent in P;

=3 q(x+23+ Gl<) =0 f]%/
EO ZC{—-Cz + Cl X + (l \8:0 l?b
= 2q-G=0, (=0, G=0

ok U
=) = G =0 F \

TL,,,,em, um-;\m, ond ?/6(7;\8;[ ae g 'mlo’»\lmi .

(b)(4 points) Let h(z) =1+ z. Is h(x) in Span (z + 2,2? — 1)?

kit Gha2Yt GIX-)= |+X lPt

IR AT 2N TN =
o))
2<|“'CL:| , (_‘\.:.I7 G=0 \P—t,

= 2C) = M\OL CF—] . COV\_H&\J/‘\CHM- /(—}\L ?M\is i/\(ov\d—ﬂuvt.
Thove 1S o (1, G oach 4ot k(x\:c.-ptwfei(x)
2 - k(ﬂ (B @\Vb S]DN'%(PM,@M\\

(c)(2 points) Is {x + 2,2% — 1} a spanning set for P3? l

% (B 2, x8) s \M a r;*\“j et {o B

( Becms,v— F\CYBZH-\/ .'4?5 @nrok e ecPe;&A. a2 ;Z/MR}’ ﬁ;\iﬁﬂ?
2 Sl
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