K

Instructions: Show all work. You may not use a calculator on this po
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preimage of every w in the range co
All linear transformations T have a

Two matrices that represent the san
with respect to different bases are n

1. Determine if each statement is True or False. (1 point each)
a. T @ If ¥ is a nonzero vector in R™, then the unit vector in the dirg,j:tion of visti = ﬂ‘é.',
' i
b. T ‘If i - U < 0, then the angle 8 between 1 and ¥ is acute.
obhuse.
C. T The dot product is the only inner product that can be defined on R™.
|
d. T @ A nonzero vector in an inneigroduct space can have a norm of zero.
! 0 O Coanl jge O HONM
e. T @ An orthonormal basis derived by the Gram-Schmidt orthonormalization
process does not depend on the order of the vectors in the basis.
f. T C) If a set of vectors S is linearly independent, then S is also orthogonal.
T nevete o thal
g. T @ The orthogonal complement of R™ is the empty set. “8
h. T @ For polynomials, the differential opgrator D, is a linear transformation
from B, = P, 11.
= Fagt Yoo
i. @ ||» The vector spaces R® and P, are isoorphic to each other.
j. T F The function f(x) = x% is a linear transformation from R — R.
k. @ i The nullity is the number of free varjables in a matrix.
l. T G] The set of all vectors mapped from a vector space V into another vector
space W by a linear transformation [ is the kernel of T'.
F A linear transformation T from V to|W/ is one-to-one when the

nsists of a single vector .

nique inverse T~ 1.

ne linear transformation T:V —» W

ot necessarily similar.

p. T (3 The matrix A = [é i ﬂ is one-to-one. ]k“a. ch"D
L a1k :
q. T 2 The matrix A = [O 1J represents a horizontal shear.




2. Determine if the following transformations are linear or nonlinear. If they are linear, prove it. If they
are not, find a counterexample. (5 points each)

CoS X
a. T:RE>R3TT ([ D [ siny ]
sinx 4+ sinz

ponknear T(0)= [f}]

b. T:Py - P, T(p(x)) =p"(x) = 2p'(x) + p(x)
Lincan Tlpereq@) s (proeq®) -2(p09 14+ (pWry®) >
P63 -2p00) + () + 4" () ~ 2409 +4C) = T(pe) A T(4R)

Tle) = o'y 2eF40=0 Ve Tpod) = kel =260

- QA
TCpua) = & (p"@-2p WP plA).
x —y + 3z
3. Write the matrix|of the transformation for T ([yD =| x+ty+z | (3points)
—x H8y — 5z

e 11T

4. Find an isomorphism from M., onto P5. (4 points)

{:a :hl —7 a_)(3+b;g‘+¢r~-ed
¢ al




5. Use the matrix P =

P A
PAP

6. Given the vector

V7

b. A unit vector

a. [l

A
st = VT
c. lli-7
’UC"G’ (:T] I w-vll = ,] oty
e
d. u-v
31"2_—-‘1 = -—L{-

T 2
[ -t

2

e L ‘k ‘.; ¥s

-3
=2

-1

o

~3

in the direction of v

Yy G

1], find the following:

E _21] to find a matrix similar to 4 = '_32 _21] (5 points)
¥ -2i-\ L'{ = 3 z?’\
b= V’; "}’3](. "‘ ~%3 5
73

’& . [’f/s
Y3 ~Y3

(2 points each)




e. Are and ¥ orthogonal? If not, is the angle between the|vectors acute or obtuse?

hot Qu}ﬁ,ag.n«ﬂ-g , o hiwoa.

1 2
7. Find the projection of i = [—1] onto ¥V = [ 3 ‘ (4 points)
- i,

b/
2-3144 [z.]_ 3[?’] : ""l
2= 7293\ 7 || Yoa

8. Given the inner product (f, g) = folf(x)g(x)dx, find the following for f(x) = 3x — 2,g(x) =
x% + 1. (6 points each)
a. (f,9)

5,: (3)"'2') ()c'-i- \) dx ® ‘S; 5&3-2;&.?'1- Ly -2 dx

! 3 9= "'.'?:.-
5.)“4 - %‘f‘-»%_yf-Zv‘- L = %*3’:*“2 > 2

! i - l -
J J,' (x*+1) dx ‘*\K x3 o2t <\ g =\)§-1~”+ Irtex | =
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rk. You may use a calculator on this portion
the commands you used, and the resulting

(yes, that means fractions, square roots and exponentials, and not de
to give a decimal answer.
directed to. Be sure to cc

1. Consider the line

b o

Write the ma

What is the domain of the transformation?

What is the ¢

This will require some operations to be do
mplete all parts of each question. Provide ¢

a+b
ar transformation T =|b—c|. (3 pd
a a+d
trix of the transformation.
i t © g
o t -1 ¢
i ¢ o 1\

TE:I

g
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What is the dimension of the range? = { ©
o |
9 O

Find a basis fi

Is the transfo

Is the transfo

or the kernel.

rmation one-to-one?

no

rmation onto?

/e

Is the transformation an isomorphism? Why or why not?

no

noedols b botn
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2. Find alinear tran
factor of 3, follov

(6 points)

10

c-s‘:‘/:\, (51

sformation that reflects through the y-axis,
ved by a rotation of 30°. Then apply the tra

L 1 LI

-eont)

-i0 -8 -b

<

-5.4)
(-3, L

-10

i 7% 7

[Yz %“é

L3 H il e

followed by a horizontal shear by a
nsformation to the object below.

L - VY =W,
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3. Find a vector orthogonal to both| 1 land| 1 |. (3 points)
1 2
0 -1
2 -3 1| o] _ [1 o Vr Y4 "Vl-(.l ';;:. ga
23 (2= |0t 0 % B ;_‘:’é
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4. Use Gram-Schm

- o+ 10
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9 -2 2.0 _
0
% } Find an orthogonal basis for W+, (5
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6.

Find the QR fact

ﬁz qtin ?

—) - dri-'-
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57, w4 1) 2] H1F B ] - R
1 R R i a "'7!1 I |
‘Fh"-t 2" 55+ (7Y ¢ J2v3e =20
. ) |
Q= i am
-?_33 -2
2
0
L2
203 a3
FXY

[
mTARTIETIR gt er
63 s~ & [t
e T
e 2
s 23
O 203




