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Math 304: Linear Algebra Midterm Exam 1

Problem |1 2 13 4 5 6 Total

Full Score |20 |20 {20 {20 {20 |20 120
g@ [ (}’élm Your Score

Read all problems before beginning and try to work from easiest to hardest.

In order to get credit, you must show all of your work.

- 'INO calculators of any kind! NO cell phones!

Check to make sure that your exam has six (6) pages and six (6) questions.

1. Clearly circle "True” or "False” for each of the following problems. Circle "True” only if the
statement is always true. No explanation necessary.

0
TRUE FALSE (a) The matrix { 0
1

TRUE (CFALSE (b) The rank of an 11 x 7 matrix is greater or equal to 7.

oo
oD

} is in diagonal form.

TRUE ( FALSE (c) Suppose that A is a 5 X 3 matrix. Then AX = 0 has infinitely many
solutions.

@

TRUE_“FALSE (d) Let A be an m xn matrix with m > n. Then any row echelon form contains
at least m — n zero rows.

TRUE / FALSE (e) An m x n matrix has m rows and n columns.

g

TRUE )FALSE (f) Every elementary matrix is nonsingular.

FALSE (g) Let d and V be different solutions of the nonhomogeneous system AX = b.
Then G — V is a nontrivial solution of the associated homogeneous system.
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TRUEHFALSE (h) The matrix { } is in reduced row echelon form.

Y

FALSE (i) Let A, B be n x n matrices and rank(A) = n. Then the matrix equation
AX = B is always solvable.

TRUE () (ABT)T is always equal to ATB for all matrices A and Bsuch that ABT
is defined. '



2. Suppose that

0 1 -1 -3 4| 13 0=P,—73R
2 =Kz ]

M=|0 3 -3 —9 15| 45
0 -1 4 9 4| —10] T37Ra+R,

~ is the augmented matrix of a system of linear equations in the variables z1, zs, T3, Z4, Zs.

a) Bring the matrix M into reduced row echelon form, indicating all elementary row operations.

ol - 2 ! O~ -3 S
()00 g :{?EB e Rol QCZ,'._.Z q:R) IR~
00560'—6 B=4R, lopo 6 7 2
ol -t 305 o) o-l o3
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b) Which variables are the basic variables?

Ko, 7(3)9(5“

¢) Which variables are the free variables?

?(t)y‘f

d) What is the rank of M?

3

e) List the columns of M which are pivot columns.

4] / 7]

- /s

4] |4

) If the system is consistent, write its solution in parametric form.
Z, a,g%;ng X agM;uéL

%= 21X K =2
’=-2-2%,



3. Given a matrix

representing the augmented matrix of a system of equations in reduced row echelon form. Compute
the following by filling in the blanks.

(a) Forazawﬂ»‘“?bz O ,c:mfjw"?dz O ,e= O  f = 1- , the matrix

M represents the 'reduced row echelog form of an inconsistent system of equations.

T =1, b=0,d=0 Se=0, £+

The pivots are located at__._____. . (Give your answer in the form m;;.)
"y My, Mag
The rank of the coefficient matrix is_ 79 .

The rank of the augmented matrix is 3 .

g Yhw
(b) For a = O ,bzww‘j ,C=O ,d=w ,é/: 7 , [ =2, the matrix M is

the augmented matrix of a consisten§ ,tlonhzm:(geneog system in Egduced row echelon form.
eFO LB AF wEall zero 5>e=ba=0, c=0
The pivots are located at ) ,

18057 Moo Mas
The rank of the augmented matrix is ' 5 .

The rank of the coefficient matrix is 3

(c) Fora=1,b= O ,c=1,d= O , €= O ,fZO , the matrix M is the

augmented matrix of a homogeneous, system of,rank 2 in reduced row echelon form.

LdS=0 >se=0

The complete solution in parameterized form is

z1 = y Lg = y T3 = y Tg = y Ty =

N=-Tar B Ze 3, %), X angthing
&, = =30y~ %



4. Consider the matrices A = [ __21 _ll -—24 and B = 1 % . For each of the following opera-

tions, either do the indicated calculations or explain why it is not defined.

(i) A+ B

Uﬂﬂé ;{ n eJ
(i) A-B
A B ondefined
2X3

(i) B- A ‘

= [ 2JA 1[2~ ~41+2[- ¥ 2 ooo

L1 TA T | Wio~ 41+ 1]-1 b 2_7

(iv) (B- A)®

(21(;3 )2 is Undegcmecé

| f[z —//i%aj [251 21-1% 1] 3% 3
T T [l %IR SOV Je T )] = [ -34 -3
(v) 247 +8AT - B AR I 293 11T fs 1] —3‘/ Réz

(2
24T+ §ATB= H o ]:[—’é 7
*8 7] L-24 -48 ~32 4

(vi) AT. BT,

o [[2-0Rr"
Agl= | w]Er
£ 2:( BT

(vii) How are the matrices B - A and AT - BT related? Justify your answer.

ATET = (rA)"



’ .. 5. Let A be the vector space consisting of column vectors of length 4 and let B be the vector space of
column vectors of length 3. Consider the function f: A — B given by

T '
2x1 + 42y + 213 + 214 L’ 5
f iz = CE1+2$2+2$3+21‘4 ;:: ’P""—}R
ms Z1 + 229 + 23 + 224
4

(a) What is the domain of f? What is the codomain?
4 p*
(b) Determine f(é;) for ¢ = 1,2, 3,4 for the standard basis {€1, €3, €3, €4} of R* written as column
vectors.

f)=[7 ], 5€)=)1] e [ ] - 2]

(c) Using (b), write down the standard matrix M such that f(

l l
=FRa"R, 53 ’l ,] rank(M)=2
3

(e) Is the function f one-to-one? Explain. NO

k(M) =3 =4 = # colvmns

z (f) Is the function f onto? Explain. g £S

Vank(l\/\): R= #= JS,
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6.LetA~{2 7JandB—[20 9 1].

(a) Find A~! and check your result.

Sobe. A=y
N X 2—2R, < =D -
[A.' Iz]: 21;23'015) =R [o ! ~2 O T=R-3g,

!
oTILT ) [miat] pRlz
Checks AACAA-T,

(b) Use your work from part (a) to express A~ and then A as a product of elementary matrices.

;=R.—2F, correSWS 4o mu/"'v"?);CQJim ‘Aé’ El:j,zl ,&’7
A

(c) Solve the matrix equation AX = B using A~! from part (a).
(You must use A™*, not any other method.)

AX=3 = AUx=AR N
ba
> //1/ A B /Lur)’[tmr cgmcjn{;a%lurl—&

X=~A"R=YI O —;ca]
o O O



