MTH 165: Linear Algebra with Differential Equations

Midterm 2
November 22, 2016

NAME (please print legibly): Solurions

Your University ID Number:

Indicate your instructor with a check in the box:

Bobkova MWF 10:25-11:15
Lubkin MWF 9:00-9:50
Rice TR 14:00-15:15
Vidaurre MW 14:00-15:15

You have 75 minutes to work on this exam.

No calculators, cell phones, other electronic devices, books, or notes are allowed during
this exam.

Show all your work and justify your answers. You may not receive full credit for a
correct answer if insufficient work is shown or insufficient justification is given.

You are responsible for checking that this exam has all 11 pages.
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1. (21 points) Determine whether each given set S is a subspace of the given vector space
V. If so, give a proof; if not, provide a counterexample.

(a) V = P»(R), the set of polynomials of degree at most 2, and S = {p € V : p’(0) = 1}.
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(b) V = M,(R), the set of 2 x 2 matrices, and
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(¢} V=R*and S={(z,y) € V: |y| = |z|}.

J@ (0,0)¢S sinte  fol=lol. @

A @ (y\) and, (‘r\') ace in 5
but (!5{) (V) = (1,03
s NOT in 5. T\’wc.re_?gm;
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2. (18 points) Answer the following questions, with justification, about a given collection

of vectors in a given vector space.

(a) Do the polynomials p;(t) = 1+ ¢2, py(t) == £3, and p3(t) = 4 ~ t span all of V = B(R),
the set of polynomials of degree at most 37

The dimension of 93(\9\\) i 34—\:'-\}

50 ar leask W vecrors ore requiced TO span i,

hente +he onswer is (NO) .

A\+erﬁcn+{ve colurions - Demonsiutl Fhet o speupac

po\sﬁomia\ ConnoY e axpmsse& as a \inear Combination
of ©.P,p,, Of, Stk up w suswn oF equakions  for

5 W m s ;
WO NG o ;Smt.m\ polynomial P a3 @ Wwnew  cotfbinafion

2. aad oostrve Fhai iys QOSSI ble For whe Sy tem
R yo hove o soiution.
(b) Are the functions f(t) = ¢!, g(t) = 2, and h(t) = sin(¢) linearly independent in V =

C?(R), the set of functions with everywhere-continuous second derivatives?
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(c) Do the vectors

1 0 5
vy = y Va= | 4|, vz=
1 0 1

form a basis for V = R3?

Siace fhe aumboe é}-{—\ veLsols Qq}.kcx\b “he
&%meﬁsmm ¥me  condifions O,P g?aﬁﬁ's ﬁ%x
lineor ir\&t:?e,nam&)f)ﬂ& b&'\ﬁfj a basis are

all e,cbw‘sm\{,ﬂ%-, ardl oWl nold o ond @n\nj

Zf Yhe oo of A= T o s 3
34 1
{ a)

which hoids i"f det (A) £0.

Using columa 2,

dex(A) = {4 (1-5) = ~\6,
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3. (21 points) Let
1 2 7 9
A=|[3 7 26 28
5 11 40 46

(a) Determine a basis for the row space of A.

b2 34 A V23
3 0% 26 2% ) = Xo - - o 1 5
5 0 4y 4 e v 5 ¢ o o 0

“3“&*R1"Ql
-5{2‘*&3&' ?,3

Basis for OWSEHLE
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(b) Determine a basis for the column space of A.
Basis for column spuct
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(¢) Determine a basis for the nullspace of A.
T} T4 o
0 H 5 { 3
o iy o O ]
%\*37‘1*"}*3‘*0\“: O
_ < = O
X, £ 55 +% = 0O
S %p T 79t
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4. (20 points) Answer the following about a 31 x 14 matrix A (that is, a matrix with 31
rows and 14 columns) with rank(A) = 14. No justification is required for parts {(a)-(c).

(a) rowspace(4) is a [+ -dimensional subspace of R? with d mﬁ;_

(b) colspace(A) is a __H'___—dimensional subspace of R? with d 1

(c) null{A) is a Q—dimensional subspace of R? with d =.._li...

(d) Are the rows of A linearly independent? Why or why not?

The dimension of e 5060 of +¥ne cows (%ﬂ,
| (s less  Fhoan Yhe oumber G? {ow b (3?3,

(e) Are the columns of A linearly independent? Why or why not?

The dimeasion of ¥ne 5po0 of the

comrans (14) | 15 egual +0 e auhoed

CDQ Colamns



Midterm 2, MTH 165 November 22, 2016 Page 9 of 11

5. (20 points) Answer the following, with justification, about the function

T : My(R) = Ma(R)

([22))-

(a) Show that 7" is a linear transformation.

i “a.\: nd :w*
Let A-— [c, &] o B (,‘ﬁ %1.

T(h+@) = T (arw bex arw  arwrdid
Q - Wibex rCrurdry
Crey ds ¥ binstry OF “

— > F W ( ¥&j+ ( i ?;}
- 0. b \ = T(A\) % T(@'}
(o) (xey) (axbagsd) « {Lrkvurs)

defined by
a a+d
b+ec a+b+c+d

F ‘r‘ : (? Q\ : i O \Gx+}\& - }j . 0*-*&
“ur t, \ nEd ! l(}A\jﬁ {%\D#?\Q ?\mfﬁ?\\sﬁ\ﬁ"}*‘i B bt &%b*w‘&

= %\ T(A)
(b) Is A= l: 05 2] in the kernel of T7

T({l Z}\} = {;«5 2:5?5@\ ) [0" :}
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(¢) Is [ = [ [1] (lj ] in the range of T'7

'The, question s # {0" o +& \
S &

bre arbres

contd  pwer egqual r 0'\ |
e L=
But Yﬁ Q*&; brC =0, +hen orbrerd = (o.»r&%)*(bu:)=() j

50 +his 18 EMPGSM\:\&,

(d) What is dim(ker(T)) + dim(Rng(T))?

%3 the RQOK-NM\?M Theorem
this 15 Ye dirnension of N\a(ﬂ?\),
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