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DESCRIPTION
LEVEL 1 Students start with the GeoGebra model of the block 123 (see exercises 526 - Calculate the
Coordinates and 527 - Coordinates in GeoGebra). The task is to find transformations to move the
block in such a way that the top face lies in the xy-plane, one edge lies on the x-axis, one vertex
is in the origin and the whole block is contained in the upper half-space.
HINTS
- Recommended steps of transformations: reflection, rotation around a line, translation
- It is recommended to start with the model where the vertical edge of length 1 has coordinates
x=0, y=0, and the vertical edge of height 3 has coordinates x=4, y=0.
LEVEL 2 Students calculate the exact values of the coordinates of the block placed as in the Level 1

exercise. They can use the transformations to help the calculations.

SOLUTIONS / EXAMPLES

The following notations are used for the vertices in the solution:

The points M, and M, are the midpoints of the segments BB, and 3

TT, respectively.

The same notations are used after the reflection. After the rotations, By

the notations T' are used, and after the translation, the notations T

are used.

LEVEL 1 The task can be performed in three steps, as the diagrams show below (see also the following

GeoGebra link: https://www.geogebra.org/classic/sdhgtdg4):

1. Reflection in the xy-plane

2. Rotation around the intersection line of the planes of the top and base planes with the angle of the two
planes. The rotation can be performed as follows: the x-axis and the line T'lT'3 are both perpendicular to the

line of intersection of the planes of the top and base faces. The angle of the two planes can be measured as
the angle of these two lines.

After this transformation the top face lies in the xy-plane, the whole block lies in the upper half-plane, but there
is no vertex in the origin.
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3. Translation by the vector 71" © . This transformation moves the vertex T to the origin.



https://www.geogebra.org/m/va6bhtv6
https://www.geogebra.org/m/va6bhtv6
https://www.geogebra.org/m/nswjwpvp
https://www.geogebra.org/classic/sdhgtdg4

STEP 1 Reflexion to the xy-plane
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STEP 2 Rotation
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STEP3 Translation:
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LEVEL 2 The diagram below shows the xz-cross-section of the rotation step.
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https://www.geogebra.org/classic/yyxq3utr

We use the notation a for the angle between the planes of the top and base faces. We do not need the exact
value of «, only the values of the trigonometric ratios of it.

The lengths of the segments on the diagram are AB =B M, =MB, =2 and AT =T M =MT, = /5 by

prior calculations and similarity, and the same holds for their images by rotation.
By the definitions of the trigonometric ratios in the right-angled triangle:

BT AB
sin(a) = #j = % and cos(a) = A—TI = % hence the lengths z and AP needed for the coordinates can be
calculated as follows:
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The coordinates of the image of the block after the reflection and the rotation are the following:
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Tl(ﬁ—z,o,o),T3(3£—2,0,0),31( = 2,052, B (2% - 2,0,
The vertices T_ and B_ lie on the plane perpendicular to the y-axes through the point (0, 2+/3,0) during the
) ) y g g
reflection and rotation, because the plane of the reflection and the axis of rotation are perpendicular to that

plane. Furthermore, the x and z coordinates of the points T, and B, are the same as that of M, and M,

respectively, so the coordinates are: T’Z(Z\B — 2,2¢/3,0) and B'Z(ﬁsﬁ - 2,243, 35@)

Finally, a translation is needed by the vector T"\B,  which is parallel to the x-axis, points toward the negative
direction and has length /5 — 2. This results in the coordinates

T".(0,0,0), T",(245,0,0), T (1/5,243,0)
" 5 2+/5 n [ 745 6/5 n [ 345 5
and 8", (- +5,0,2%), B, (55 0.4%), B (35254

PRIOR KNOWLEDGE

Reflection in a plane, Rotation around an axis, Transformations in GeoGebra

RECOMMENDATIONS / COMMENTS

Exercises 526 - Calculate the Coordinates and 527 - Coordinates in GeoGebra are recommended before this
exercise.



https://www.geogebra.org/m/va6bhtv6
https://www.geogebra.org/m/nswjwpvp

