14.6 Notes Day 1: Transformation Matrices

Transformation matrices are used to apply linear transformations (i.e.,
reflections, translations, rotations, & dilations) to matrices that represent
linear systems.

Recall: Given linear transformation T:(x, y) =2 (3x-2y, x+y), to find T:(7, 4) we

ex 1:
a)
b)

d)

f)

plug in 7 for x and 4 for y to get T:(7, 4) &> (3(7)-2(4), 7+4) = (13, 11)
Given AABC with vertices A(1,1), B(2,3), & C(4,2)
Graph AABC

Find the image under
T(x, y) 2 (3x-2y, x+y)

6

51

A=TAN>( ) i
B=T(23)>( ) 2+
C=T(42>( ) i+
Graph AA'B'C' of 1 2 3 4 s & 71 &

How do the sizes of the triangles compare? A is bigger.

Do the As have the same orientation (both names clockwise)? Y /N

Repeat part (b) using a transformation matrix for 3x-2y and x+y

Ty =1 1 x ] T=1 ]

thus transformation

[ Nly ] matrixTis... [ 1l
TN =1 1M1 =1 1 =11

[ It 1 [ 1 [ 1
T23) =1 1M1 =1 1 =11

[ It 1 [ 1 [ 1
T.(4.2) =l I 1 =1 1 = [ 1

[ It 1 [ 1 [ 1

Find the ratio of the area of the new triangle to the original triangle.

area of AA'B'C'
area of AABC

= absolute value of the determinant of T

= | | = | =1 |=
.. The new triangle is the area of the original triangle.

Is the new triangle's orientation the same as the original's or different?



ex 2:

d)

ex 3:

Note:

Given T:(x, y) =2 (x-2y, 2y)

Find transformation matrix T: T= ]

Find the determinant of T: | T|= =
Find the image of A(1,-1), B(2,0), & C(-3,1) under transformation T-:

T A B C Al B C
[l 1l 1 = ]
[ I 1l [ 1l

AV AV

AC ) B(C )CC )
How do the areas of triangles ABC & A'B'C' compare?
Image AA'B'C' is the area of AABC
Preimage (original) AABC is the area of AA'B'C'

Is the orientation of the image the same as or the opposite of the
original? Why?

The orientation is b/c

Composition of transformations: Given transformation matrices

S=[[ 2 3 ] and T= [ 0 1]
[ 15 1] [ 2 -1 ]]
and point P(3,4), find each of the following:
(T(P) =10 0o 171 I 1 =1 ]
[ 2 -1 1] [ 1] [ 1l
S)re)y = 1 1 [ 1 =1 ]
[ I I 1] [ 1l

Use the associativity of matrix multiplication to find ST(P) via ONE
transformation instead of two as we did in parts (a) and (b).

ST =10 231 00 1] =1 ]
[ 15 01 [ 2 -1] [ 1]
EnHPE) = 1 1 [ 1 =1 ]
[ I I 1] [ 1]
Recall: ST is called a "composite" transformation S T
On your HW, to "describe the motion" of a transformation, give the motion left ___orright ___ (i.e., deltax)
& the motiondown __orup _(i.e., deltay). Ax = change in the x direction 2

R Ay = change in the y direction



14.5 HW page 535 # 26b Manufacturing

tables chairs desks amnt. of time available
Carpentry [[ 120 105 125] Carpentry[[ 14,960 ]
Assembly [ 40 65 110] Assembly [ 8,970 ]
Finishing [ 80 90 125]] Finishing [ 12,520 ]]

Want to use all available labor. How many t, ¢, d, should the manager
schedule for production each week? l.e., want to findt, c, d.

A X = B
[ 120 105 125] [[t] [ 14,960 ]
[ 40 65 110] [c] [ 8,970]
[ 80 90 125] [d]] [ 12,590 ]

X = A'B & DoonTl.

[[t] [ 18]
X= [c] = [110]
[d]] [ 10]

18 tables, 110 chairs, 10 desks

14.5 HW page 546 # 5 Weather Forecasting
sunny cloudy rainy

sunny [[ .80 10 10] < (a) Day-to-day weather

cloudy [ .00 40 60] =T transition matrix

rainy [1.00 00  .007]]

(b) Calculate T 2

On T.I., enter 3x3 matrix using Matrix >> Edit
Then calculate T 2 by using Matrix >> Names
2nd >> Quit >> Use x? key

[ .74 12 14 < Finding weather for two
T2= [ .60 16 .24] days from current day
[ .80 10 107

Mo= [1.00 00 .00 ] < Initial weather values on Monday

To find weather on Wednesday given Monday, find: Mg T 2
=[ .74 12 14]
Thus we have a 14% chance of it being rainy.



14.6 Notes Day 2: Specific Transformations Lo y Lot

ex1: Graph the point (7, 2). Then... 3,0
X
Reflect Over... New Point Transformation S
Matrix ? %, S
a) the x-axis (7,-2) 1 0][7] [7] ;
0 —1|[2] |-2
R x-axis 77 ~ - - T
b) the y-axis (-7, 2) (-1 0][7] _[-7]
0 12| | 2]
R y-axis 7
c) liney=x (2, 7) 0 1 7__2
1 of[2] |7
Ry:x?l - -
d) liney=-x  (-2,-7) O -1p7) |2
-1 0]2] |7
Ry:-x7|
e) Find (R y=x)(R xaxis) using the transformation matrices we found:
0 11 o] [o -1 G2,
(RV=X)(Rx-axis)—|:1 O:||:O _1i|—|:1 Oi| li)a'.(’h")
/ éﬁ‘—? AN A .»" (41_2')
f) Verify on your graph that this matrix works using sample point (7, 2);

show how point (7, 2) changes using...

The graph: (7, 2) flipped over the x-axis becomes ( 7, -2 );

( 7,-2 ) flipped overliney = xbecomes ( -2,7 )

* Note: we apply the transformation for the matrix closest to the input first; x-axis and THEN y = x

The matrix: {0 _1}{7} {_2} .
Matrix from part (e) 7 I 0 2 7



ex 2:

Graph preimage AABC with vertices A(2,1), B(7,-1), & C(6,2).

Then apply the transformation matrix R y = x & graph the image.

' j
B Y ¢

< e Ryx A B C A B C
s
;LZEi*\C 0 1|2 7 6| |1 -1 2
AR 1 ojl1 -1 2] [2 7 6
A &
K %
cos) —smb | . . .
Thm: [[Re=] will apply a 0-degree rotation about the origin.
\JLSIHQ cosf
. N —
%ex  FiEd: cos180° —sinl80° | [~1 0O » |
a) R 180° = ' _ | = < Unit circle values )
sin180"  cosl80° | | O -1 (-1,0)
) (Run)(Roain)=| 1 O] 7! 0o R yeanis
: -axis ) = = = —LX
180 X-axis O _l— O _1 O 1

ex4:

Graph preimage AABC with vertices A(2,1), B(7,-1), & C(6,2).

Then find and graph its image under transformation R oge.
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Step1: R gp=
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Step2: (R o )(AABC ) = AA'B'C'
Ree A B C A B
0 -1[2 7 6] [-1 1
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Chapter 14 Study Guide

You may use a 3 x 5 notecard of your own hand-written formulae on the
Ch. 14 Test.

Recommended: Review WS (make sure you understand the linguistics)

Need to know:
*  Properties of matrices (the chart in your notes)
*  Matrix addition, subtraction, & multiplication (by hand)
Scalar multiplication (by hand)
Determinant
Dimensions
Notes & HW applications, e.g. communication matrices (given
direct communication, i.e. no relay, with matrix M, M? means you
use exactly 1 relay, M + M? means at most 1 relay, M®> means you
use exactly 2 relays, M + M? + M® means at most 2 relays, etc.)
*  Transition matrices (given initial state Mo, find next state My= MgT,
Ma= MoT?, Ms= MoT3, et cetera; find steady state Ss.t. S=ST)
*  Transformation matrices (given transformation T and coordinate
points, build a matrix eq'n to find the image of the points -- i.e.,
[ T][matrix of preimage points] = [matrix of image points] )
* Etcetera

* Ok F *

Extra review examples:

1)

2)

Write a matrix equation to find the intersection of the three planes

(do not solve unless you have a T.1.): 3Xx -4y+ 7z= -3
6x+3y+ 5z= 23
Step 1: Write matrix eq'n using coefficients of linear system Ax + 9y +37z=-17

= If you were asked to solve on the test, youwould be givena 2x2

so that you could compute the determinant & the inverse by hand.

Step 2: IF you have a T.|, then find the inverse of the matrix on the far LHS; multiply this inverse onthe LEFT on

both sides of the eq'nto get answer written as a coordinate point: (x,y,z) =( 3.29, 2.13, -.62 )

0} , find the following (by hand):

_ 2
Given A= L

a) At b) A c) A2
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