Math 20580 Name:

Midterm 1 Instructor:
February 13, 2020 Section:

Calculators are NOT allowed. Do not remove this answer page — you will return the whole
exam. You will be allowed 75 minutes to do the test. You may leave earlier if you are

finished.

There are 8 multiple choice questions worth 7 points each and 4 partial credit questions
each worth 11 points. Record your answers by placing an x through one letter for each

problem on this answer sheet.

Sign the pledge. “On my honor, I have neither given nor received unauthorized aid on
this Exam”:
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Part I: Multiple choice questions (7 points each)
1. What can be said about the following system of linear equations?

221 —4z3 =5
—31173:3

(a) The solution set is a subspace of R® (b) The system is inconsistent

(c) There are only finitely many solutions  (d) Every solution is in R?

one of the above
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2. What are the values of h and k for which the matrix below is not invertible?
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Ra>R3 R 0 hil ©
(a) h=0and k=0 @h*—lork_— |
(¢c) h=1and any k (d)h=0and k=1 L/Q;'—‘Q3’(L\~H)Rz

(e) none of the above
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3. Under which of the scenarios below does the equation AZ = 0 have a nontrivial
solution.
1. Ais a 3 x 3 matrix with three pivot positions. &— P\W‘(’ " ey (ﬂﬁtww\

2. Ais a4 x 4 matrix with two pivot positions. e 2 ?L&, v oo eg
3. Ais a2 x b matrix with two pivot positions. e 2 &,« veobleg
4. Ais a 5 x 3 matrix with three pivot positions. ¢ pwvet (n erveny C»e&m\.\
(a) 2 only @2,3 only (c) 1,4 only (d) 2,3,4 only (e) 4 only

4. If the matrices A, B are such that

1 2 2 31
A_{Q 3}’ AB_{C% ) 2}’

. 2x 29¢3
then what is the matrix B?

(a) L (b) [g ;} () [‘23 ﬂ ﬁ | é} (e) Tt can’t be determined.
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5. Suppose that a 5 x 6 matrix A has a nullspace of dimension 2. How many rows of
zeros does the reduced echelon form of A contain?

(a) 3 (b) 2 (c) 5 (d) 4 @1
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6. Which of the following matrices has linearly independent columns?
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3 —4 2 0
afp e |2 0, C_[4 -
0

-2

SIS
I I
o Ot w
S
Il
oo o
SIS

4
6
10

(a) A only (b) A,B only @ A B,C only (d) D only (e) B, C only
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7. Consider a basis B = {51, 52, 53} of R®, and a linear transformation 7 : R — R?
with the property that

T(5,) = { 11} T = m  T() = m .

1
If 4 has coordinate vector [u]p = {— 1} relative to B, then T'(%) is equal to
2

@ [ﬂ B / @h-hrm @] @[]
e

2 ‘:'L: 426,

Tw) = T(6)) —Tlea M+ 27T (5)
- DJ” [fj+ 2~[§7
- 37

8. The rank of the matrix

2 -1 1 3 1
A= {6 ~3 3 3 11! Ry = Re-3 6,
4 -2 2 00
. R?:"')"Rs"“zﬂ(
1S
(a) 1 (b) 3 (c) 4 (d) 2 (e) 0



Part II: Partial credit questions (11 points each). Show your work.
9. (a) Find the standard matrix for each of the following transformations R? — R*:

——» Counterclockwise rotation with angle 7 /4.

T X(]': [ ;’)z:] ng Q‘{cmﬂ(mol

v Cos X N et

A{ %% CaS% g C’” ;() Hc,_)j

iy o)
[ -4 "fg ).]

e Projection to the y-axis.

i)

(b) Find the standard matrix of the linear transformation that consists of
counterclockwise rotation with angle 7/4, followed by projection to the y-axis.

X —5 AR _’%B@Ye”)

| | %, V%
Metrux RA = [;’ﬂ[ﬁfi ] (f/ f
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(c) Find the standard matrix of the linear transformation that consists of projection
to the y-axis, followed by counterclockwise rotation with angle 7 /4.

ﬁ

X —> B — A(BR)
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10. Find the inverse of the matrix
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11. Consider the matrix

-3 0 -1 0 -2
o @ o o0 —4 1
“1l0o0 0@ 9 4
00 0 0 0 0

(a) Find the rank of A, and find a basis B for Col(A).
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(b) If ds is the fifth column of A, determine its coordinate vector [ds)s relative to B.
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12. Consider the linear transformation 7" : R* — R® given by

Ty — 2.’132 : | ‘
T((L’l,xg) = T -+ 2372 — X -2
2z, — 3724 ( lz +Xe 2
—3

(a) Find the standard matrix of T.
)y ~1
A= | ) r}
2 -9

b
(b) Explain why every vector b = [bg] in the range of T satisfies 7b; + by — 4b3 = 0.
b3

s (x(/ZxL) + (x\JcZX‘z) ~4 (ZX\’3XL>

= 7x, ,]{Qg_ + X 2 ’?f,\ +\xs

e —
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= é"H’?) X\' +(~(Lt+ 2412} Ry

= QO

(c) Write down two distinct vectors v, U, that are not contained in the range of T
(and make sure to explain why they are not contained in the the range).

Ama ve sty C;ﬂ widl, b by 44y o
L3 s NoT (\Q%AM#

Ferts - oL 2] w- 1]
(74*0'0“—’:’9 (?«04—\4\@0:\}



