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Abstract

Experiment

How do we improve the lab?
A classic experiment for visualizing a random walk is 
to observe a small, micron-sized particle undergoing 
Brownian motion in a microscope (Earl et al., AJP, 
1965). In recent years this simple experiment has 
been upgraded to include a cheap camera and 
tracking software to allow students to measure the 
mean squared displacement of the particle over 
time (Jia et al., AJP, 2007; Nakroshis et al., AJP, 
2007; Piedle et al., AJP, 2009). Given the random 
walk equation and the Stokes-Einstein diffusion co-
efficient, the students can calculate a number of in-
teresting parameters:  the viscosity of the medium, 
the radius of the bead, and the temperature of the 
liquid, to name a few. We will describe our imple-
mentation of this experiment at Amherst College, fo-
cusing on the improvements that have increased the 
ease of use of the exercise.

1) Improve Analysis Software? --No, sort of

2) Switch to Fluorescence? --Yes

3) Increase number of beads? --Yes

Fig. 1.  Diagram of the Brownian motion experiment. 
A microscope images the motion of 1-µm beads in 
water, which are recorded by the camera. Software 
extracts the bead position.The 2D mean squared 
displacement (MSD) of the bead, <∆r2>, should 
follow a random walk, <∆r2>=4Dt, where D is the dif-
fusion coefficient of the bead and t is time.

Fig. 4.  Increasing the number of beads improves accuracy. 
Here we measure viscosity of the water using Brownian motion 
since the diffusion coefficient in the random walk equation is de-
pendent on the parameter. The pink line is at the nominal value 
of 0.0008 Pa-s. As the number of beads in the data set increas-
es accuracy improves.
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Fig. 3.  Fluorescent beads are superior. Images are taken 
in fluorescence or bright field with identical beads and mi-
croscope. The fluorescent images can be used “as is” 
without post processing. Fluorescent beads near the 
focal plane can be isolated. In contrast, the bright field 
images have both white and black beads. Thresholding 
the image sometimes produces crescent shapes, making 
centroid finding difficult.
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 ImageJ  Matlab--simple  Matlab--complex
Fig. 2.  Software to analyze particle motion and extract MSD 
gave almost identical results. We analyzed the same sixty 
images of a single 1-µm bead using three different programs:  
particle tracking in ImageJ (pink), a simple Matlab routine that 
found the region of interest and calculated the centroid (yellow), 
and a more complex Matlab program used in microrheology ex-
periments (green, Pelletier et al., PRL, 2009). The simple 
Matlab program was inferior, but the slope of the graph was the 
same for all three cases.
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