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P3: Monte Carlo simulation of molecular collisions in a gas

INTRODUCTION 

Under standard conditions, collisions between molecules in a gas are very common. The

frequency of these collisions depends on the number of molecules in a certain volume,

and on the sizes of  the molecules: the more molecules are packed together the more

often do they come close to one another, and the bigger the molecules the more likely it is

that they actually hit  each other. In this experiment we are going to simulate collisions

between molecules, and estimate their sizes from the frequency of collisions.

This frequency of collisions is an average, taken over many collisions. There will be times

that a given molecule happens to run into other molecules a little more often, and other

times when it happens less often. The average frequency of collisions tells us the chance,

at any moment of time, that a molecule will hit another one within a given lapse of time.

Hence it  is not  surprising that  the method for  the simulation of  such chance events is

named after the famous casino of Monte Carlo in the mediterranean mini-state of Monaco.

We  simulate  collisions  by  bombarding  a  number  of  targets  (molecules,  resembled  by

marbles) with a number of bullets (other molecules, resembled by other marbles). This is

difficult to do in all three dimensions of space, but can more easily be performed in two

dimensions.  The targets will  be placed on a flat  surface,  and the bullets will  roll  down

another flat surface and either hit a target or pass through without hitting any target. The

ratio R of the number of hits to the number of shots represents our frequency of collisions.

Imagine you are one of the bullets, rolling down towards the targets that are spread across

a target area of width D. Each target of diameter d blocks a fraction d/D, and N number of

targets block a portion N d/D. You have a chance of  R = N d/D to hit one of the targets.

However,  the  bullets  themselves  have  a  diameter  d as  well.  In  our  two-dimensional

experiment  this effectively doubles the coverage factor (Figure 1; Equation 3.1).



                                Fig. 1   effective blocking factor of a single target

                                                           R = 2 N d / D                                                       (3.1)

APPARATUS

Simulation board, glass marbles/metal balls, table with random numbers, graph paper.

SAFETY

There are no safety aspects specific to this experiment, other than that it is important to

catch the marbles/balls when they leave the board as you might otherwise trip over them.

PROCEDURE

The bullets are to be launched at the top of the slope, one at a time. The bullet will first

pass through a grid of spikes (“the maze”), which will cause the bullet to emerge at an

unpredictable spot. Hence the path of the bullet is randomized, before it continues its path

down  the  slope.  The  bullet  accelerates  downwards,  causing  its  path  to  become

straightened before it enters the target area.



First make sure that the target area is level: adjust the board with the screw pods until the

bullets traverse straight (not diagonal) paths through the target area.

Then place the graph paper on the target area, and divide the area into 51 by 51 grid

positions. Start somewhere in the table with pairs of random numbers (between 0 and 50),

and use each pair of numbers to place a target onto one of the grid positions in the target

area. Do this for about 10 targets.

Launch a bullet, starting at one of the sides of the launching area, and record whether the

bullet hits a target or not. Launch another bullet, but from opposite the next entrance into

the maze. Continue doing so for about 50 launches. Whenever a bullet gets stuck in the

maze or leaves the board before crossing the target area, discard it and launch it anew.

Repeat the simulation using the other type of balls.

TREATMENT OF RESULTS

Determine the ratio of the number of hits to the total number of launches, and use this to

calculate the diameter of the balls (“molecules”).

Compare  the  thus  estimated  diameter  with  the  diameter  as  measured  directly,  and

account for any difference between these two independent measurements.


