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Math 304: Linear Algebra Midterm Exam 1

Full Score |20 |20 |20 |20 |20 |20 | 120
SO 2 () A\ m/ Your Score |

Problem |1 2 3 4 5 6 Total

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.
NO 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.
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(a) Let A be an m Xn matrix with m > n. Then any row echelon form contains
at least m — n zero rows.

(b) An m x n matrix has m rows and n columns.
(c) The matrix [ 1 (1)

0
0 1

(1) 0 ] is in reduced row echelon form.

(d) Suppose that A is a 5 x 3 matrix. Then AX = 0 has infinitely many
solutions.

(e) The rank of an 11 x 7 matrix is greater or equal to 7.
(f) Every elementary matrix is nonsingular.
(g) (ABT)T is always equal to AT B for all matrices A and B such that ABT

is defined.

0 0
(h) The matrix | 0 2
10

OO =

} is in diagonal form.

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

(j) Let d and ¥ be different solutions of the nonhomogeneous system AX = b.
Then U — V is a nontrivial solution of the associated homogeneous system.



2. Suppose that

01 -1 1 2 S
M=|[0 2 -2 2 6 18
0 -1 4 5 -2| -11

is the augmented matrix of a system of linear equations in the variables z1, z2, Z3, Z4, Ts5.

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

C=p. - ol -l I 2:57 A_ o | -t 2,5
27K "2R, 00 0p 2.8 =k oo 360!
00 3¢ o0!4|%Rjp0por!s

_/ o1 -l 125 .
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b) Which variables are the basic variables?

a/z/ q./'.’s} ;Y.S—

c) Which variables are the free variables?

d) What is the rank of M?

(Gn K(M) =3

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

BRENG,

f) If the system is consistent, write its solution in parametric form.
%#’5_37(‘{ X, ang—} ;/g
X=2-2%, Ny angtring
Vs =¢f



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) For a =4m1‘”"11‘] b= O , C =auq‘}}"'nq, d= O , €= O = 1 , the matrix

M represeﬁts the reduced row echellon/orm of an inconsistentrsystem of equations.

Lo fel, bod=O Lse=p, $¥O

The pivots are located at : , . (Give your answer in the form m,;.)

The rank of the coefficient matrix is ; 2 .

The rank of the augmented matrix is g .

(b) For a = 0 ,b:anj}b;ﬁc= m ,d=au/1’/4;ﬂge: Z , [ =2, the matrix M is

the augmented matrix of a gonsistent, nonhomogeneous’system in reduced row echelon form.

Le#O Lol 2ero; bo) A>e;—/) a=c=C
The pivots are located at , , .

| M Mz  Mas
The rank of the augmented matrix is ; .

The rank of the coefficient matrix is ; .

(¢c) Fora=1,b= O,c:l,d: O , e = o,fz O,thematrixMisthe

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

é b:@[:)g=0 e:;O

The complete solution in parameterized form is

1= y Lo = y Ly = y Ty =

X1 =2, 3% -% g gy A
X 6«‘1:277%,1? Q/L; /2’; am;%}';‘;}
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tions, either do the indicated calculations or explain why it is not defined.

i) A+B

4. Consider the matrices A = . For each of the following opera-

(]no’e ;M eo[»

(i) A [1 2] 112 -) =4]+21-) ¥ 2] o o0 o0
é"@@"j ).f/z 'JB] )/ziQ'/ “91+1H % 2] ;[o CDO]
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(iv) (A-B)?

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

pa-EH



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

zl 2.’1}1 -+ 25[72 + 2£C3 + 6%4 q 3
f :c2 = | 2, + 21y + 23 + 314 y; R—> ”2
$3 1 + 229 + 3 + 324
4

(a) What is the domain of f? What is the c:(gadomain?
! R

(b) Determine f(&;) for i = 1,2, 3,4 for the standard basis {€;, €2, €3, €3} of R* written as column
vectors. ‘

se-Ji1, e)=[7], s&)=)j] , se)- )

(c) Using (b), write down the standard matrix M such that f(X) = M - X.

2 2 2
M]3 78]
A B

(d) Determine the rank of M.

- ! =Ry~ 13 .
Tk |} ]3] SRR [&0—*'3]"‘*:3 loies
P 2tad 220 L9 T o olnsR oo 3

(e) Is the function f one-to-one? Explain.

NO
ank (N\) =2 F Y =4 colonms

(f) Is the function f onto? Explain. (E/IES

k(M) =3 = # rnas
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6.LetA—{2 5]andB—[22 0 1].

(a) Find A~ and check your result. She. AX=1,

Vo 1 2: 10
l -2

jAIZ]: [2’ ;,"0 ) Q:EZ—ZRI [0 (] W=7?»“?722

575 -?J = |T. ] '4—)] Nt [s —j
- /

Check : AN A=-T5

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

G =R, -2pR, Cprf‘eﬁ?"”vls o m0)+'P/'QL£WL b; E;:)’JZ ?
N= R, -2, o N " E?,:zfi ~12]

A"); EZEI
Aegre =10 00) 2]

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

AX=B = ApA¥=AR L ¢
= X=A '[Z /fwﬁ*)\ C;;MMD?[‘”["W@}

XAE=s6 8 %]



