MATH 304-01 Name (Print):
Fall 2019

Test 1

September 25, 2019

Time Limit: 60 Minutes

This test contains 7 pages (including this cover page) and 6 problems. Check to see if any pages
are missing. Enter all requested information on the top of this page. Question 1 is a True /False
question. Clearly PRINT your correct answer. Question 2 is multiple choice.

You are required to show your work on Questions 3 — 5 on this exam. Question 6 is a bonus
question. Only do this question when you finish other questions. The following rules apply:

Tu ff and put 11 phone.
R EHL AL AR LR ARGy RS SEE Baoss Question | Points | Score
¢ No note nor book is allowed.
1 30
e Organize your work, in a reasonably neat and
coherent way, in the space provided. Work scat- 2 16
tered all over the page without a clear ordering
will receive very little credit. 3 20
e Mysterious or unsupported answers will not
receive full credit. 4 15
Do not write in the table to the right. 5 20
6 10
Total: 110
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1. (30 points) For each statement below, indicate whether it is True or False:

(a) I If the matrix equation Ax = b is inconsistent, then b is not a linear combination
of the columns of A.

(b) [ The columns of a matrix A are linearly independent if and only if the equation
Ax = O has the trivial solution.

(c) | If v, v2 € R3 are linearly independent vectors and if v3 is a linear combination
of vi and vy, then {v1, v, vs} is linearly dependent.

(d) i If A is a 4 X 6 matrix, then the columns of A are linearly dependent.

(e) I If x is a nontrivial solution of the homogeneous equation Ax = O, then every
entry in x is nonzero.

() I Let A and B be matrices. If AB is defined, then (AB)T = AT BT,

(g) F If A is a square n X n matrix, then the linear transformation x — Ax is an onto
map from R™ to R".

(h) ! Let A be a square n X n matrix. If the equation Ax = b is consistent for some
vector b € R™, then A is invertible.

(i) T If the columns of a square n X n matrix A are linearly independent, then AT is
invertible.

G4) T If A and B are square n X n matrices and AB = I, then both A and B are
invertible.
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2. (15 points) Answer the following multiple choice questions.
(i) Consider a system of linear equations with augmented matrix

12 -1 3|3
C=102 0 -3|1
00 -1 4 |-3

Circle ALL the correct answers.
This system has 4 variables and 3 equations.
(b) This system has two free variables.
(c) The system has a unique solution since C' has a pivot in every row.
The system has infinitely many solutions since it has a free variable.
(e) This system is inconsistent since it has a nonzero row.

(i1) Let T be a linear transformation with standard matrix

12 0 -1
A=|[0 2 -2 6
00 3 4

Circle ALL the correct answers.
(a) The domain of T is R3,
The codomain of T is R3,

c) T is one to one.

T is onto.

(e) T is invertible since A has a pivot position in every row.

(#43) Let A be a square 4 X 4 matrix. Assume that the equation Ax = b is inconsistent for
some vector b € R%. Which of the following statements are correct?
(a) The equation Ax = O has only trivial solution.
@ The equation Ax = Q@ has infinitely many solutions.
@ The columns of A do not span R4
(d) The columns of A span R%.
@A is not invertible.
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3. (20 points) Let T : R* — R3 be a linear transformation with standard matrix

1 0 1 -1
A=12 1 38 3 ].
1 -1 1 —4

(a) Find the reduced row-echolon form (RREF) of A. List all the elementary row operations
performed.

(b) Which columns of A are pivot columns?

(¢) Find all vectors x € R* such that T'(x) = @. Write the answers in parametric vector form.

(d) Is T one to one ? onto? Justify your answer.

) Lo v -N\R22Ry v 0 P =) Ry+R S - BRI A
~A=<2.|$3-——7"o\\5'_+—>o\\5'
L=l ) =4 [R=-Ry\g -1 o =% Oo \ 2
R.—R) <®<% 0~ 3
—7 ' o 0
Ri-RyVo 0 ® 32,
\0) The first "\'\/W&P, Co\mmn;oj(yﬁr e Pwd’r co\,umns,
) —rcf§: $ & Ax= ©.
we have  xy - 3X, =0 X = 3 X4
7(} x ZX\/{';*O
Xy Y?,rY}f ba ¢ ¢ \/a/YW\OLu.QS/
Ky foee varable

X}'—‘—‘ oZXL,,

X) 23Xy %
Xz - '}XL{ 2 XE -3

Xy Xy | |
4) T oas nat ong ‘o one Sinl JT)=® W»s ‘erini'}t(v
many Solwhoms.
TS dn+o Sh@ A has « P‘,\(Djr J)Mﬂidn I 1) every
con . S50 T =b o Ax=b hw a clluhon
%w each béfﬁlg
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1 0 -1
4. (15 points) Let A= |0 —1 4 |.
1 -1 4

1. Determine whether A is invertible or not. Find A~1! if it exists.
2. Is AT invertible? Find (AT)~! if it exists.

v o-)\' OO VyV\ i o =v\\ 0 O
N, (A\TQ: (0 -y 4 OV O\—~ o - H{\O\ O
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5. (20 points) Let T : R3 — R3 be a linear transformation given by

x1 T1 — T2+ T3
T ) = 229 + x3 .
T3 1 + bz + 4x3
(a) Determine the standard matrix A for 7.

U
(b) Show that T is not onto. Describe the set of all y = l:yg} € R3 for which y is in the range

Y3
of T.
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6. (10 points) (Bonus) Let A be an m X n matrix with 1 < m < n. Is it possible to find an n x m
matrix B such that BA = I,,? Explain.

No‘ Y ow Qawno\'/g/mot an N xXwm ma%‘(\‘ﬂ P

suchdhat  poA = T

%m\v‘ws& ‘OtA corbradichondfiay Suchann xwm Mot x
b e, Than bA=TT,.

Sinte v <n, ‘\’V/\L.S‘Ag‘)-ﬁm AX= O \’\CUS ab \ead“c)mo,
,S/(‘U& vanrable and So  AX= ¢ har 4 nontnvial
soluion, Lo v € R We fave  Av=©® andved.
Now v=Tv= (BA)v= B (AV)=hO =0,
whw s o comtraclichon. Thwe B dves ni—exist.



