Hi

In Freedom and Constraint you are asked to imagine how the freedoms of a body are constrained. 

In 3d a rigid body has 6 freedoms - you can specify the 3 co-ordinates of one point on the body, and then you can change 3 angles, rotating it about axes in 3 directions. The picture of the aeroplane is quite good here.

When you put a constraint on the body you reduce its freedoms by 1 or more.

Their usual example is a 3-legged stool, and you constrain where a foot goes ie you constrain one point on the body.

Now you need to think about what sort of constraint you might impose. This links to the work on dimensions you had in design 1. In 3D, if you constrain a point to lie on a PLANE you are losing 1 freedom (going from 3 to 2-dimensions) and this is also true of any other SURFACE whether flat or curved eg on a balloon.  Hence you have 6-1 = 5 remaining freedoms ( 2 directions for the foot to move in the plane, 1 rotation where the stool around an axis going through the foot and perpendicular to the plane, and then 2 tipping over rotations)

If instead you constrain the point to lie on any (curved or straight) LINE (1 -dimensional) then you are losing 2 freedoms. So you get 6-2 = 4 ( ie the three rotations and 1 direction of movement along the line).

If you entirely fix the point you lose 3 freedoms, and all you can then do is angle the stool.

Now what if another foot is constrained? Since that foot could move anywhere before, you lose more freedoms. 

So if both feet are fixed on surfaces (ie start with 6, lose 1 and 1) then you have 4 freedoms. I can describe these by thinking about each foot in turn: one foot can move in 2 directions on a surface. The second point will not be able to move entirely freely on its surface because its distance from the first point is fixed, so it will be able to move with 1 freedom.  Then having fixed both points the body can rotate about the axis through the fixed points (but no other rotation is possible): hence 4 freedoms in all. Imagine a box placed with one corner on the floor and one against on a wall …
If two points are fixed on lines then you get only 2 freedoms (6-2-2)|: my image for this is 2 people carrying a plank on different stationary escalators. Assuming the lengths make it possible to be on the escalators at all, the plank means the distance between them is fixed. They can obviously rotate it at any time so that one freedom. One person could step up, but the other person will just have to follow - so there’s exactly 1 more freedom.
You might be worrying about the directions of the escalators: if they are parallel then the people can move up together for ever.  If they aren’t, then there will be a limited section of the escalators that they can hold the plank on, and the plank will change angle to allow that to happen. Although it’s a limited section, the person can still move freely between the infinite number of positions within it so it counts as a freedom. 
Think quickly about constraining another point – if this point still had some freedom to move then you may have reduced the freedoms more. But if you constrain a point that’s already been totally constrained then there’s no change eg you’ve already said that 3 legs of a table are on a flat floor: being told that a fourth leg is too doesn’t change the freedom.

Lastly, a word about tripods: for any surface, however bumpy, its possible to fix any 3 points of a body to be on the surface – this means that a 3-legged object won’t rock although you cant guarantee that its top will be usefully horizontal. It’s not possible to fix any four points of the body. That’s why scouts and guides make washing-up tripods for camping.
