
 

 

 

 

FYSP1081 / K3  COLLISIONS ON AIR-CUSHION RAIL  

 

 

Aims of the work 

 to learn to derive predictions in the form of graphs based on theory 

 to learn to plot experimental results and predictions of theory  

 

In this laboratory work you are going to use graphical methods to describe collisions and 

accelerating movement utilizing the Capstone program. Physics behind the exercise is not 

complicated, but the main emphasis is in forming graphs and modifying them. Nowadays 

use of the computers for collecting data and analysing it is very common in physics, 

therefore it is important to learn it already in the beginning of studies.  

   

General 

 

In this exercise you’ll study changes of velocity, momentum and kinetic energy during 

various types of collisions as well as acceleration caused by a constant force. Theory 

needed is introduced during lectures and in the book of Young & Freedman (11th ed.) 

 chapter 2,  

 chapter 5, example 5-13  

 chapter 8 examples  8-7 and 8-10.  

Measurements will be carried out with ”wagons” mowing almost without friction on an 

air-cushion rail. The experiment and collection of data is done with Capstone program 

connected to an ultra-sound sensor system (Pasco Motion Sensor II).  

 

To prepare for the experiment, work out following home exercises, which should be 

solved before the experiment. 

 

Exercise 1: a) Wagon (mass m1) slides (no rotation) without friction on a horizontal 

channel with speed v and collides elastically to another wagon (mass m2) in rest. Determine 
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the speeds and the total kinetic energy after of the wagons after collision and compare it to 

that before the collision.   

b) If the collision of wagons in a) is still elastic but the wagons stick together, what is the 

speed and total kinetic energy of them after collision? How does the relative (in per cents) 

loss of kinetic energy depend on the ratio m1/ m2 and the kinetic energy before the collision? 

 

Exercise 2: A fisher is ice fishing on a frictionless, uniform autumn ice. The fish pole with 

a mass of 0,300 kg lies on the ice. The fisher fixes a 0,025 kg lure on the line and drops it 

into a hole in the ice. Assume that the lure falls frictionless in the water. What is the 

acceleration of the fish pole after the line has tightened? How does the result change if you 

take the loss of weight of the lure due to water into account? How sensible is the assumption 

made for the properties of the ice? 

  

 

Measurements 

 

The air cushion rail and its accessories including the Capstone program and ultrasound 

sonar system are familiar from the work FYSP1081/K1 Graphs of kinematics. If you are 

not familiar with the equipment, ask the instructor to help. The use of air-cushion trail is 

explained in a manual (available in student laboratory).   

 

 

Task 1: Conservation of momentum and energy in collisions 

 

Measure the masses of the wagons and external weights. 

 

Trigger the wagon on the rail and let it collide at constant speed with another wagon at rest. 

Use the Capstone equipment to control the measurement and to register results. Measure 

the speeds of the wagons before, during and after the collision. Use external weights added 

on both sides of wagon to change the mass of the wagon at rest. Keep the mass of the 
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projectile wagon constant (why?). The measurements are repeated five times both for 

inelastic and elastic collision. 

 

The collision is made elastic using rubber bumpers. A non elastic collision can be arranged 

using wax bumpers. Try out before actual measurements! 

 

Plot graphs (either on millimetre paper or with for ex. the Capstone program1) of a) total 

linear momentum b) total kinetic energy after the collision as function of m1/m2.  Sketch 

the theoretical curves as well. Are collisions entirely elastic (inelastic)? Why, why not? 

 

 

Task 2: 

 

Connect the wagon and a small weight with a thin line (about 1 m long). The line goes over 

a pulley at the end of trail and the weight hangs below the pulley. The weight causes a 

constant force to the wagon. Determine the force by measuring the mass of the weight and 

using the formula F = mg. When the weight is released the wagon starts to accelerate. With 

Capstone equipment determine the acceleration a. Use SMALL weights (less than 50 g)! 

 

First, keep the total mass of system constant and change the force. This is done by mowing 

weights from/to the wagon to/from the weight. Plot the acceleration as a function of the 

force F.     What is the physical meaning of the slope of the straight line in the plot? 

 

Second, keep the force constant and change mass of the wagon. Draw acceleration as a 

function of total mass of the system. What is now the meaning of the slope? 

 

 

 

                                                 

1 Many computer programs can be used to plot the data.  PCs in student laboratory have for this purpose 

Capstone, Excel, Origin and Gnuplot. 
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Extra task 1:   

How could you define from your latter measurements the gravitational constant g? 

Calculate it and compare your result with the local value 9,821 m/s2. 

 

Extra task 2:   

The air rail has been constructed to be as frictionless as possible. Can you determine 

experimentally the friction still remaining? What is the value? 


