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r: Nicholas Viamis

MATH 231: Fall 2025 Instructo

Wednesday 10/15/2025 Exam 1 110 minutes

Name:

Instructions.
ure you undefstand what the problem is

1. Read each problem carefully. Make s

asking.
2. Unless previously granted permission, you may only use a T1-82, T1-83, TI-84 or sci-
entific calculator.
le sheet of 8.5 x 117 inch paper.

which consists of a sing
proofs of theorems.

3. You may use a note sheet,
d to contain solutions to problems or

Your note sheet is not allowe
It will be collected with your exam.

4. No devices other than a writing utensil and calculator may be used.

Question | Points Score
1 6
. |
3 3
4 2
5 3
6 4
[ 2
8 7
9 3
10 4
11 8
Total: 50
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Questions
L @ Consider the following system of lincar equations:
T -.TQ—.TLS::—-?
4z, + 4zq + 2r3 = 0
2z + 2x3 = 8

(a) Write down the augmented matrix of the linear system.

S W U
4 4y & O
o a2 & B

(b) Write the linear system as a matrix equation.

o~y L -F
TH(GAE
Xy $

6 a2

(c) For the next part, use the fact that the reduced row echelon form of the augmented

matrix of the linear system is:

100 -3

010
01

2
0 2

How many solutions does the linear system have? If it has solutions, find them all.

'er il o Solubian: Y, -3
Kyt R

Xy " 2

P ey . U
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6. 14 points| Let 7: R? 5 R be a lincar transformation satisfying
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7. Let A be an 3 X 3 matrix satisfying

0 1
Al =0and A |0 =0
3 1

Cive a 3 x 2 matrix B with distinct non-zero column vectors such that AB = 0.

et b Ul Qne hz‘&%]l S6 }\Lﬁo and p\EfO,
Sle B [(). Lx] < ‘.i ;]

\

I AB = | AL, Ml}{a 51[%2?]

B ——
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3. [3 points| Suppose each of the following matrices is the augmented matrix for a system
0

mear cquations. For each, write down how many solutions its corresponding syster
has. (No computations should be necessary and no work is required.)

1041 1041 1041
(a) |01 30 () |0 130 () {0130
0000 000 2 0020
1

00 -mary 0

2 1 0 2 1 0
4.Let,4={3 -5 3} andletB=[Ié j 177.

0o -1 7
Find a single elementary row operation that when applied to A yields B. (Make sure
you give a clear description of what the operation is.)

]V\u\l:Y\\} \’Ll. Bré vow of A L\é 2 o QéA )(0

Yt socond row o A

5 Suppose T:R® — R? is a linear transformation such that

1 5
T1|-3]]|=T1{|2
7 0

Find a nontrivial solution to T'(x) = 0.

P

R CAREREIRIGIRIEIE

-4

=) Xz '_;5] it S‘qiu von  to T( x)= 0O
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2. Let A be a 4 x 4 matrix such that

S}

-7

[o—

rref(A) =

o o o —
coo
= =)
oo |

ar system in the variables Z1, T2, T3 and Za

The following questions are about the line
0, where we write

that is associated to the matrix equation Ax =

I
T2
I3
T4

(a) Determine which of the variables of the linear system are basic (or leading) and
which are free. (Note: A is not an augmented matrix.)

\QGAif\} varic blet® X | X3

Cru \/mm\o\%&* )(:a, Xy

(b) Find the (parameterized) general solution to the linear system.
Y, 18-t

¥, S
? (dv S,&GR

(c) Write the solution to Ax = 0 as the span of a collection of vectors in R,

Y, 15 -t 7 -2
¥q i S - t

x7 + S o | ¥ .t— U
XL| t o !

Sclation sct 18 SF‘*“MU Vﬁ
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8. [7 points| Let vy, va, v3, and vy be vectors in R, Let A =[v) vo V3 v,], and suppose

|

(a) Are the vectors vy, Vo, V3, and vy linearly independent? Exp

No. QX: @ hat o frar Voy\'ol;(l, ond hana
Sc\u‘\m\ B«.\\- G Nontn vial So\u\ﬁm o ﬂx=0

v, XUt Gy, FXG R0,

\MP‘&JH\(} g&/, ’\};, U;l\).})

PR \No«lw(\r

é,v.p vt

—_— o O

0
1
0

OO -
e T L}

rref(A) = [

lain. .
o hentriviol

¢ o notrivio\ Sdabion Yo

(b) Is span{vy, va, vs, v} all of R3? Explain.

\/ES. (—\ \\‘O.S c P{uaf ?OS'.‘\’CM i
So ﬂ\(‘L \/\GS Q Sd\uX\'c\\

every YW
(or ey LEW}- fog as(LMf wor 38, QVJN‘& L)eﬂl}' (AN W tpon of
(c) What are the c?omain and codomain of the matrix transformation Ta? 4 ©
§‘/‘ ,U;. U3 ,qu‘

Ais 3xU =2 FDOMGJA of Ta 18 ‘Qq, omnd
Yo Cu(\omoin fs TRB.

(d) Is the matrix transformation T onto? Explain.

\/CS- C“W« C.v«? Léﬂl}, A)('L Lc\s a SOIU\“!\GV\, Sa;} X-V.
/ﬁ - Tpt\j\z AV = L)

9. Let v € R™. Show that if v-v =0, then v=0.

-
Le¥s oo Ho contraposibive:  iF vro, tha V-V7O,
\ &
rile ¥5 \7\1 0‘-1 L\S fl{o; 15 S ot Q; *0.
Gnl

> b 2 2 a
Now, \/'q\j O, tOr t0y T 0;,70. 1}
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10. |4 points| Suppose A and B arc matrices such that the last column of A3 is all zeroes

fve an arguent showing that if B has no column of all zeroes itself, then the columnns

of A arc lincarly dependent.

ol B (b, bao bal. )
e oee Yot et bytd owd Phn =0
‘ Ax=3

£ A ow lh\uar\\} Ampch&mi.

-~

= L, v G V\ov\’rv'\vh\ salad T on ¥

= \/L,L columnal

11. Decide whether each of the following statements is TRUE or FALSE (no
explanation required).

(a) A matrix equation of the form Ax = 0 always has at least one solution.

I roe
(b) There exists a linear system with exactly three solutions.

[: c\Se
(c) Every linear system with the same number of unknowns and equations has exactly
one solution.

Fo\\fe_
(d) If A and B are square matrices of the same size, then AB = BA.
FG\SQ
(e) If T: RP — R? is a linear transformation, then the standard matrix for T has size
qgxPp- -
lrue

(f) Any set containing exactly one vector is linearly independent.

‘TQ\SQ

(g) The matrix equation Ax = b is consistent if every column of A is a pivot column.

FQ‘SQ,

(h) If the rightmost column of an augmented matrix is a pivot column, then the asso-
ciated linear system is inconsistent.

—
\roa




