Exploring 3D space with a computer – Part 3: building models from plans

Adrian Oldknow

In the first part of this guide we saw how a variety of basic tools could be used to build up a 3D model.  In the second part we used these tools, together with other transformations, such as a rotation, to explore the symmetry of 3D objects and to work with basic 3D shapes such as cubes and other solids.  Here we will use these skills to demonstrate how 3D models and 2D plans are linked.  

I guess pretty well all of us will have played with coloured cubes at some time in our life – such as 1x1x1 Lego bricks or `centicubes’ etc.  So we will start by making an object out of cubic bricks in Cabri 3D.  When you open a `New’ page in Cabri 3D you get a shaded `ground plane’ and a set of three small vectors.  If you right-click on the plane you can change its `Surface style’ to `Empty’.  If you left-click on the `origin’ point you can type in a label for it, such as `O’.  Similarly you can label each of the ends of the three small vectors.  Our base cube will have its bottom face in the ground plane, and have O as its centre.  If its edges are to be parallel to the base vectors we can define one vertex of the cube as the sum of the vectors OX and OY.  The `Vector sum’ operation is on the menu for the 5th icon:  [image: image13.jpg]


 .  First click on the vector OX, then the vector OY and finally the origin point O to create the vector OW in the ground plane.
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Now we can create our prototype cube with a face in the ground plane, centred on O and with W as a vertex.  Then we can `Mask’ the unit vectors and their labels etc.  Finally we can select the `Surface style’ e.g. `solid’ and colour e.g. magenta.  Then, with the `Cube’ icon selected once more, we can start to `glue’ more cubes together.
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So make yourself a nice brick model!  You can download the file `cube stack.cg3’ here [Download] or you can manipulate the embedded file below.  The ground plane has been masked, as has the original magenta unit cube!
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  (image Fig 6.jpg)
(embedded Cabri 3D object follows)
[image: image7.wmf]
(embedded Cabri 3D file)
Now we will see how we can get Cabri 3D to show us different kinds of 2D images drawn from this model – rather than the perspective views we have used up to this point.
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From the pull-down menu for `Document’ select the `Add Page…’ option.  This will give a menu offering many different types of 2D representation.

Let’s have a look at the `Technical 
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You may need to select `scale ½’ from the `Display’ menu to see all three views – front and side plans and elevation – on the screen at the same time.  Can you work out how each of these three views was made from the original stack of bricks?  Can you make any different 3D models with bricks which would still have the same plans and elevation?  You could print out the set of three 2D views for a model you have made and offer it as a challenge to your pupils to design a 3D model consistent with these views.  You could ask them to make their own models, produce the plans and elevation and offer them as a challenge to other pupils.  Ruth Sharpe and I wrote about the use of such plans and questions with infants in the 1986 Micromath Vol 2 No 3 article: `Multilink, mathematics and micros’.
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Also in Cabri 3D you can use the `Document’ menu to add a blank page, to create new views and to write text.  So for example the figure alongside shows an oblique view of the brick model.  
Of course your box of bricks need not only contain cubes – you might have columns (cylinders) or wedges (prisms).    
In a moment we will look at another link between 2D and 3D representations, called `nets’.  But first a challenge.
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If the edges of a cube are each 1 unit long, then the longest line segment we can fit inside a cube is one of its `long diagonals’ of length (3.  
What is the biggest square we can fit inside a cube?  
Clearly its four vertices must lie on the edges of the cube.  It’s also going to have to lie in a symmetric way in some sense – so it’s probably going to have to contain the centre point O of the cube.  There is a working model for you to download to experiment with: `Square in cube testbed.cg3’ [Download].  
A and B are draggable points on two adjacent edges of the cube.  The plane defined by O, A and B cuts the corresponding edges of the cube in points C and D.  The blue circle is in the plane of ABCD and has AC as diameter – so you can use it to check when your quadrilateral shape has equal diagonals (i.e. a rectangle).  The red circle is in the same plane with A as centre and AB as radius – so you can use it check when your quadrilateral shape has equal sides (i.e. a rhombus).  Used together these will tell you when you have a square.  Perhaps you can estimate (or actually calculate) the positions of A and B which give the biggest square?
(end of first chunk?)
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