Name:
Elementary Functions
K’nex AAP (Pythagorean theorem, function composition)
My son has a set of construction toys called K’nex. In this problem
you will think like the designers of these toys. The main pieces of the set
are sticks of various lengths and connectors that look like gears to hook the
sticks together. To make interesting shapes, several different sizes of sticks
will be needed. My son’s set of K’nex has 5 different lengths, pictured below.
From smallest to largest, they are black, yellow, gray, red, and purple.

One of the basic shapes that will be used by children to construct a variety
of objects is an isosceles right triangle. You can see an example of a bicycle
built from K’nex in the picture below. Notice the two isosceles right triangles
making the frame of the bike.
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1. If the length of the gray bars which will form the legs of the isosceles
right triangle is 4.1 cm and if it is 0.6 cm from the end of the bar to the
center of the connector (the vertex of the triangle), how long should
the red bars be made which will form the hypotenuse of the triangle.
See the picture below for reference.

2. Let x be the length of the legs of the smallest isosceles right triangle
it will be possible to make with your construction toy. These legs will
consist of a black stick with a connector on each end. The distance
from the end of the stick to the center of the connector (the vertex of
the triangle) is 0.6 cm. The hypotenuse of this smallest triangle will
consist of a yellow stick attached to the connectors. See the picture
below. Give all answers in a complete sentence with units.
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(a) (First lets try to design the set of toy’s the easy way.) The easiest
thing to do would be to pick integer lengths for the lengths of the
sticks. Suppose the set of toys is manufactured so that the black
sticks has length 2 and the yellow sticks have length 3. Can an
isosceles right triangle be built from such a set of toys? Why or
why not?
(b) (Ok, so the easy way didn’t work. For the rest of the worksheet,
lets try being more careful.) What is the length of the black stick?
(Give a formula in terms of x). For the rest of this problem, it
will be important to keep track of whether we are discussing the
length of a stick or the length of the whole side of the triangle. You
might find it useful to record your answers in the table included
at the end of the worksheet so that you can refer back to them as
you work.
(c) Give a function f (x) for the length of the hypotenuse of a triangle
whose legs have length x.
(d) Suppose you decide to make the black sticks 1.4 cm long. What
is the length of the legs of the isosceles right triangle that can be
made with them as shown in the picture? What is the length of
the hypotenuse of that triangle?
(e) Still supposing you decide to make the black sticks 1.4 cm long,
what is the length of the hypotenuse of the triangle described in
the previous problem? Compute the length of the hypotenuse in
two ways and make sure you get the same answer both times.
(f) Go back to assuming the length of the legs (built from black sticks)
of the smallest triangle is the unknown x. Recall that the length
of the hypotenuse (built from a yellow stick) of this triangle is
given by f (x). Suppose you wanted to allow bigger isosceles right
triangles to be built. If the legs are built from yellow sticks, use
the Pythagorean theorem to give a formula, in terms of x, for
the length of the hypotenuse of the triangle with legs made from
yellow sticks. We will use gray sticks for this larger hypotenuse.
The following picture shows the whole set of possible isosceles
right triangles.
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(g) Compute f ◦ f (x) and compare your answer to the formula in the
previous problem. (You may need to do some simplification in
order to compare well.) Explain why any similarities you noticed
make sense.
(h) Suppose you want to make a third size triangle, this one with legs
formed from the gray sticks and a hypotenuse which we will make
red. Does f ◦ f ◦ f (x) have any bearing on this problem, if so
what?
(i) Go back to assuming the black sticks will be 1.4 cm long? How
long will the gray sticks be? How long will the red sticks be?
(j) Still assuming the black sticks are 1.4 cm long, how long will the
hypotenuse be of the triangle whose legs are made from red sticks?
How long should we make the purple sticks we will use to form
this hypotenuse?
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Black

If x is an unknown
length of
length of side
[color] stick formed by [color] stick
x

Yellow
Gray
Red
Purple
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If the black stick is 1.4 cm
length of
length of side
[color] stick formed by [color] stick
1.4

