


Tracking Brownian
Motion through Video
MICroscopy



BROWNIAN MOTION

= Discovery of Robert Brown

=Random, jittery motion of suspended
particles.







Proved the
existence of
atoms

Effects
properties
of fluids;
mobility,
viscosity

Verifying
molecular
kinetic
theory of
heat

Help identify
atomic
dimensions.




Mathematical Modeling
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- EXPERIMENTAL PROCEDURE




Digital camera

Microscope
objective

Sample slide |

Data transfer cable

UsB 2.0

Computer

|

]
i
Mechanical stage |
A A A

30W halogen

light bulb

Live movie run with

Motic software



< Custom observation slide
preparation

«Focusing of the microscope

« Slide Analysis in Motic Image Plus 2.0
< Video making

«/|mage processing in MATLAB



MOTIC MICROSCOPE

Diluted microsphere

Motic solution

microscope

Tips for pippete

Glass slides

Cover slips

Micro pippete



IMAGE PROCESSING IN MATLAB

Tracker m file | |
o obj = mmreader (/filéhame.avi’)

s This object witlbegpecify the duration of
the movie/frameirate, total number of
| h and video format

+ Isolate frat 1es by giving in fps-and step
size. |







IMAGE PROCESSING IN MATLAB

mcrop ()
Rgb2gray ()
ncomplement ()—/

%







IMAGE PROCESSING IN MATLAB

Im2bw(image, LEVEL) /& "\
= Brightness LEVEL betw" 0.2-(}5""’,"7
> Contrasting and backgg@uind noiséﬂfiltering

Y




For level= 0.2




For level= 0.3




For level= 0.3 1




[ IMAGE PROCESSING IN MATLAB

= filtered images =
images; Inoise; lobj

= lobject: All the partigle
range will be coa(/'

noise and wi

* Inoise is the ¢
noise in pixels

would vanis
>




For lobject=20 and Inoise=0




For lobject=20 and Inoise=0.3




For lobject=20 and Inoise=1




[ IMAGE PROCESSING IN MATLAB

= Particle tracking and,

= Sphere intensity /
= Qutput of this fupcalion i Nx4 array

"L ocating x an

" Getting th T particles
through fram




RESULTS
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Recall the relation below:

s dkgT
(r-) = T.
bmma

o yﬁ,':l)zv

e Hence, the plot of the mean square
displacement and time is a straight line.
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square displacement/(pixel) 2

Square displacement graph wrt time for 1.5 micron solution
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2

mean square displacement / (pixel)

30

plot of mean square displacement wrt time for 1.5 micron solution
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e The gradient of the graph is:

AKpT
6l1na

' =

e We can hence calculate Boltzmann constant,
the diffusion constant and Avogadro's constant.

 KgpT
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Random brownian motion for one particle
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ydata

browniann motion for all particles through all frames
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