Proportionality
A.

Bending of a beam

A beam with length l, width w and height h (all in mm) is
supported at both ends.
Due to a force F (in N), the beam will bend.
The flexion f (in mm) in the middle of the beam can be found using this complex looking
formula:

𝑓=

𝑐 ∙ 𝐹 ∙ 𝑙!
∙ 9.81
𝐸 ∙ 𝑤 ∙ ℎ!

E is Young’s modulus (or: modulus of elasticity), measured in N/mm2.
Young's modulus is a measure of the stiffness of an elastic material and is a quantity
used to characterize materials.
A1. A higher value of E means that the material is more/less stiff. What is the correct
word here: ‘more’ or ‘less’? Explain!
A2. How does doubling the length l of the beam affect the flexion f ?
Same question for doubling width w, height h and force F
A3. Why do joists have a shape as shown in the picture?

The cross section of a supporting beam has a fixed area of
100 cm2.
Three different shapes with that area (w x h): 20 x 5 ; 10 x 10;
5 x 20
A4. How do the flexions of the three beams compare?
A5. Use the formula for the flexion to explain what you see
in this picture
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B.

Bicycles

Find the relationship between b, f and the entries d in the table.
f is the number of teeth on the front sprocket; b is the number of
teeth on the backwheel sprocket; d is the distance (in cm)
traveled by a bicycle for one rotation of the pedals.
The values of d are rounded to the nearest integer.

Hint: look for patterns in the (horizontal) rows and in the (vertical) columns
or: where does the number 431 appear in the table… why there?
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