Galileo’s inclined ramp experiment

Goal:  The goal of the experiment is to recreate Galileo’s experiments on an inclined ramp.  This experiment is relevant because it is the first example of a rigorous experimental procedure utilized in physics.  

There are two different hypotheses that can be tested.  First, one can test the relationship between distance and time.  That is, one can observe how fast the ball rolls down the first section (1/4) of the ramp, compared to 1/2, 3/4, or the entire ramp.  Second, one can test the effect of a mass of an object on the time to travel down the inclined ramp.

Materials:

16 foot or 8 foot long angle iron

Marbles of different weights (alternatively brass and steel balls work well)

Stop watches

Putty to hold angle iron at top (not required)

A chair or desk to elevate the ramp slightly

(Note difference from historical materials: Galileo used: 1) Wooden ramp; 2) Wood balls; 3) His pulse or a water clock to measure time; and 4) A more sophisticated way of controlling the height of the ramp).
Experimental setup:

The 16 foot long angle iron is set up, with one end on the floor and the other end elevated on a chair or table (see Figure 1).  The angle iron forms the hypotenuse of a right triangle.

Experimental procedure:

1. The rise and the run of the ramp are measured.  The angle can be calculated using an arctangent function on a calculator, or by plotting up the geometry on graph paper and measuring the angle with the protractor.

2. A ball is rolled down a percentage of the ramp, typically at ¼ lengths (4, 8, 12, and 16 feet lengths) (Figure 2a).  The time measured is most accurate if measured at the bottom of a ramp, particularly if an obstacle is placed there (Figure 2b).  By comparison of Figures 2a and 2b, you can see that the geometries are identical as long as the ramp is rigid.

3. A minimum of 4 measurements are taken for each roll.  An average (mean) of the measurements is taken.

Analysis:

A graph is made of time vs. distance traveled (along length of ramp) and a second graph is made of time2 vs. distance traveled (See homework). A graph that shows a straight line relationship between variables indicates that the two are related by a numerical equation, with the slope of the line indicating the proportionality of the relation.
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