Exercise 16H: Solutions
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1  Firstly, the matrix that will rotate the plane by 90° clockwise is given by
[ cos(—90°) — sin(—907) 0 1
| sin(—90°)  cos(—90°) ] - [—1 0}'
Therefore, the required transformation is
K [0 1] [z—-2 2
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We check our answer by finding the image of the point (2,1). Letz = 2and y = 1 so that
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Therefore, (2,1) —+ (1, 2), as expected from the diagram shown below.
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2 Firstly, the matrix that rotates the plane by 180° about the origin is
o
0 -1
Therefore the required transformation is
x' [—1 0 z+1 -1
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Y |0 -1 ]|y—1 1
[z -1 N [—1]
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We check our answer by finding the image of the point (—1,0). Letz = —1 and y = 0 so that

MRS RN

Therefore, (—1,0) — (—1, 2), as expected from the diagram shown below.
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Firstly, the matrix that reflects the plane in the line y = z is given by
[0 1
1 0]
Therefore, the required transformation is
=0 ol ot +[4]
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We check our answer by finding the image of the point (0,0). Let z = 0 and y = 0 so that
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Therefore, (0,0) — (1, —1), as expected from the diagram shown below.
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Firstly, the matrix that reflects the plane in the line y = —z is given by
[ 0 -—1]
-1 0]
Therefore, the required transformation is
] [0 -1 T | 4+ 0
y] [-1 o] |y+1] |-1
[—y—1 0 }
= +
R

_'—y—l]
N | —z—1 ’




We check our answer by finding the image of the point (0,0). Let z = 0 and y = 0 so that
] [-0-1] [-1
y | |-0-1] |-1]

Therefore, (0,0) — (-1, —1), as expected from the diagram shown below.
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We will translate the plane 1 unit down so that we can then reflect the plane in the line y = 0, that is, the
z-axis. We then return the plane to its original position by translating the plane 1 unit up.
Therefore, the required transformation is
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We check our answer by finding the image of the point (0,0). Let z = 0 and y = 0 so that
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Therefore, (0,0) — (0, 2), as expected from the diagram shown below.
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We will translate the plane 2 units right so that we can then reflect the plane in the line = 0, that is, the
y-axis. We then return the plane to its ariginal position by translating the plane 2 units left.
Therefore, the required transformation is
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We check our answer by finding the image of the point (0,0). Let z = 0 and y = 0 so that
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Therefore, (0,0) — (—4, 0), as expected from the diagram shown below.
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We will rotate the plane clockwise by angle @, dilate the point (z,y) by a factor of k from the y-axis, then return
the plane to its original position by rotating by angle # anticlockwise.
Therefore, the required matrix will be

[ | PO | g
[cosf —sinf cosfl sinf
1o & ]

| sinf  cos# 0 k| |—sinf cos#
NI cos? @ + ksin® @ cosfsind — kcosﬂsinﬂ]
__cosﬂsinﬂ—kcosﬂsinﬂ sin? @+ kcos2 @

We will rotate the plane clockwise by angle 8, project the point (z, y) onto the z-axis, then return the plane to its
original position by rotating by angle 8 anticlockwise.
Therefore, the required matrix will be

[cos® —sinf][1 0] [cos(—8) —sin(—0)
| sinf cos# ] [0 U] [sin[—&) cos(—6) }
_[cosf —sinf|[1 O cosf sinf

| sinf cos@ ] [0 U] [—sinﬂ' cosﬂ}

N cos? 6 cosﬂsinﬂ]

| cosfsinf sin? 4

The transformation that reflects the plane in the line y = = + 1 is given by,
] [0 1 T N 0
y ] |1 0f|y-—1 1
fy—1 U]
= -
Lz ] [1
e
o lz+1]
If we then want to reflect the result in the the line y = = we would multiply by the reflection matrix
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This gives a transformation whose rule is
]l [0 1][y-1
[y']_ {1 0] L:-+1]

|z +1

_{y—l]'

. : , 1
This corresponds to a translation defined by the vector [ 1] .



