Written Homework t04. Math 202 Due
\J
Name: ond Section:

1. Let T : R? — R3 be defined so that T'(x) = Ax where

1 -3 =2 1 N —1 -1
A=|-1 2 3|, u= |0 |, b=1|2]|, and c=|2
1 -4 -1 -1 0 5

(a) Compute T'(u).
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(b) Solve the equation T'(X) =b T — w—
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~— (c) Is c in the range of T? Justify your answer.
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2. (No Computation) Define T : R® — R? be defined so that T'(x) = Ax where
2 3 -1
A= [1 —3 2 ]
(a) What is the domain of 77 m 3

AR &bt & ¥ in R

1
(b) What is the co-domain of T? TR

2
AR Wheas 2 rows = AX s A R

(c) Describe the Range of T as the span of a set of vectors.
o\s‘?u" mt oobninad S pa- :: -3) = } = R,a (T)
by scaling * addig et 1[3'[2] Al
umns & A

3. (No Computation) How many rows and columns must a matrix A have in order to define a
mapping from R® into R” by the rule T'(X) = Ax?
=
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4. Let T : R® - R3 be defined so that T'(x) = AX where A = B (1)] :

Using two axes (one for inputs and one for outputs), show how T transforms the vertices

[8] ; [(1)] ; [ﬂ ; [(1)] Describe geometrically what the transformation 7" is doing (using words).
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5. Find all the vectors X that are mapped to 0 by the transformation T'(X) = AxX
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. 9. What is the definition of a Linear Transformation from R" to R™?

o Hausgnv«mpﬁ'oA T RN= R*™
So  Haat
T Bev)= T(RDT@)

A T(e®)=c T(R)

10. Let x = [il], v = [ 25], and vy = [ 32], and let T : R?2 — R? be a linear transformation
" _ =
that maps X to £1v; + z2vs. Find a matrix A so that T'(x) = Ax for every X.
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8. Find the standard matrix of the linear transformation 7" : R2 — R? that sends e; to e; — 3es
and leaves e, unchanged.

T(e)= &-35 = i'a]'3m= ['s]

T(&) & =[°]
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11. Prove that T'(x) = 3x is a linear transformation.
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12. Prove that T(x) = 3X + 1 is not linear transformation. o
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13. Suppose that{?l ,

. 3 aasumptions
...,Vp span R"| and thatﬁ“ is a linear transformati(E)

Prove that T(b) = 0 for every b e R
S, o e . o .
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W. Let transformation T : R® — R? be a linear transformation with

1) = 3] 7@ =[] ana 7@ = H

(a) Find the standard matrix A of T.

(b) Determine if the transformation T is one-to-one.
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(c) Determine if the transformation 7 is onto.
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# Let transformation 7" : R3 — R3 be a linear transformation with

1 =1 0
T(e,) = [0],T(§2) - 3} and T(83) = H.
0 0 1

(a) Find the standard matrix A of T'.
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(b) Determine if the transformation 7T is one-to-one.
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(c) Determine if the transformation 7 is onto. ’_—
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14. Suppose that T : R? — R3 is a linear transformation with standard form matrix A. 3xa
Prove that T' is not onto. (Cite all relevant definitions and theorems by number). (
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15. Suppose that T : R3 — R? is a linear transformation with standard form matrix A.
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Definitions

1. Define Span{vi, vo,v3}.

- -
= i\; s.}. E‘-’ Clv:+ CaVa + C3Vs3 }
g~ c.,C,¢3 TR

2. Define linear Independence of vectors {vi,va, v3}.

e sd s :t\&l.‘lﬂ.»al—\-"'
-.|<=> -~
X Vi x‘\-l: + X3V3 2D e oney o vl slwk.,\

3. Define “T is a linear transformation”

@ -
4 sabshe T(GHY) = T+ T () | L &7 =

T () = T L <

4. Define “T is one-to-one”

&
Tz Nas ok amost oa SN~

Gv\ud—s v

5. Define “T is onto”
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Theorem 2 The reduced echelon form of a linear system has three possible cases
1. The system has o solutions if __ ko~ {001 .J
2. The system has 1 solutions if V€ ad pivel in eachk veaalole olumn

3. The system has “‘N“‘a. solutions if b vaaialde C_‘Q"“‘““" w/o Pn"d“

Theorem 4: The columns of an m X n matrix A span R™

if and only if there is a pivot _4" eack f_:gh-’

Theorem 5 If A is an m x n matrix, u,v € R* and ¢ € R, Then

e Ai+v)=_ AR 4 A¥ 2. T(i) = AX

e A(c-u) = c Aa

Properties of Linear Transformations

e If T is linear, then T(0) = O

e Tislinear <= T(c-u+d-v)= TR+ & T(V)

Theorem 10 Let T : R™ — R™ be linear.

Then there is a unique m x n matrix 4 s.t. T(X) = AX.

s ¢ - ¢
In Fact, A = [ T(-Q’D - T(E:‘)-‘\' ks, <‘=[§J/ - 'Q‘\:[ ?]

Theorem 12 Let 7 : R™ — R™ be linear with standard matrix A. T

W\
(a) T is onto <= ‘-OQ‘*W‘“LS z{g A Selh TR
(b) T is one-to-one <= CO(.uww\s &A W‘}A&WF

&'nu.J..a .
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