Algebra and Discrete Mathematics (ADM)

Tutorial 6 Matrix operators
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Matrix transformations

e Consider T : R?2 — R3 with standard matrix

-1 -1
Tl={(2 3
3 1
® Find the image of x = <4>
-1 -1 -5
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Matrix transformations

e Consider T : R3 — R? with standard matrix
-2 -1 0
1= < 12 3)

® Find the image of x =

re- (350 (2) - ()

N W
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Reflection operators on R?

Reflection about the z—axis, (é _01>

Reflection about the y—axis, <_01 (1)>

Reflection about the line y = z, <(1) (1)>

Reflection about the line y = V3z
® y = /32 makes an angle 7/3 (= 60°) with positive z—axis

1V
cos20  sin20 \ 2 2
sin20 —cos20) V31

2 2

4/13



Reflection operators on R?

® Reflection about the zy—plane

10 O

01 0

0 0 -1
® Reflection about the zz—plane

1 0 0

0 -1 0

0 0 1
® Reflection about the yz—plane

-1 0 0

0 10

0 0 1
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Projection operators on R?

e QOrthogonal projection onto the x—axis

(o o)

® QOrthogonal projection onto the y—axis

b 1)
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Projection operators on R?

e Qrthogonal projection onto the zy—plane

ja)

1
0
0

S = O
o O

® Orthogonal projection onto the xz—plane

10
0 0
00

_ o O

® QOrthogonal projection onto the yz—plane

0
0
0

o O

0
1
0

—_
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Rotation operators on R?

® Moves points counterclockwise about the origin through a positive angle 6

Ry = (C059 —sin 0)

sinf cos@

® Rotation matrix

® Clockwise about the origin through an angle

Ry = < cosé sm@)

—sinf cosf
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Rotation operators on R?

Operator Rotation equations Standard matrix
w, = X 1 0 0
Counterclockwise rotation wy = ycosl — zsinf 0 cosf —sinf
about the positive z—axis w3 = ysinf + zcosh 0 sinf cosf
through an angle 6
w; = xcosh+ zsinb cos 0 sinf
Counterclockwise rotation wy = Y 0 1 0
about the positive y—axis w3 = —xsinf+ zcosb —sinf 0 cosf
through an angle 6
wy = xcosf —ysind cosf —sinf 0
Counterclockwise rotation wy = xsinf+ycosh sinf cosf O
about the positive z—axis wy = Zz 0 0 1
through an angle 6
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Dilations and contractions

e Dilation/contraction with factor a on R3, T (x) = <a$>

Y ay
a 0
0 «

xr ax
e Dilation/contraction with factor c on R?, T |y | = | ay
2 az

o o9
oQ o
0 oo
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Expansions and compressions on R?

® |n the x—direction = T <x> = <ax>
Yy )

® |n the y—direction — T <x> = < v >
Yy ay

11/13



Shears on R2

® Shear in the z—direction by a factor a, T’ <;§> = <x + ay)

(o)

® Shear in the y—direction by a factor o, T’ <§;> = ( . >

Y+ ax
1 0
a 1
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Composition of matrix transformations
e Consider a square ABC' D with vertices

1= () m=(1)- 0= () 2= )

® Perform the following transformations

® Ti: shear in the x—direction by a factor 2
® T,: reflection about the z—axis
® Tj: reflection about the y—axis

mi- (5 1) m-(5 %) -5 Y)

mimm(y 55 5) = (5 5 5 )
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