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    // When the "go" button is pressed, make a thread and fire off a simulation run. 
 
    void go () 
    { 
        if (currentThread != null) { 
            currentThread.interrupt (); 
            currentThread = null; 
        } 
         
 currentThread = new Thread () { 
  public void run ()  
  { 
      simulate (); 
  } 
     }; 
 currentThread.start (); 
    } 
     
 
 
    // Perform one simulation run. 
 
    void simulate () 
    { 
        reset (); 
        while (time <= t) {    
     try { 
  Thread.sleep (sleepTime); 
     } 
     catch (InterruptedException e) { 
                break; 
     } 
 
           nextStep(); 
            repaint (); 
            currentMsg = "time: " + time; 
        } 
 
 } 

•  Life in water is dominated by the H2O molecule’s degrees of freedom.  Why? 
Because there are so many of them and each contributes the same to the number of 
degrees of freedom as do each of the much larger and more complex molecules. 

•  Each water molecule is surrounded by 4 others at the corners of a tetrahedron. If a 
non-polar molecule (hydrophobic) sits on one of the corners, then the number of 
ways that the central molecule can point is reduced from 6 to 3. 
 
 
 
 
 

•  This reduces the number of configurations for N molecules from 6N to 3N.  
•  Think about the isothermal expansion of an ideal gas … the number of states goes 

from MN to (2M)N. 
 

Imagine the probability that all the molecules spontaneously 
go back to the bottom of the container.  
 
This is the scale of the entropic effect! 
 

Whatever change occurs due the entropic effect of water will be very robust. 

Why Entropy? 

This research is supported by the NSF/CCLI program. More information can be found at http://www.phys.gwu.edu/
iplswiki/index.php/Laboratories 

Building understanding with in-class activities 

Entropy in traditional texts? 

Why introduce entropy? 

How do we teach entropy? 

•  S = ΔQ/T   …..  an equation 
•  The inefficiency of heat engines increases the entropy of the universe 
•  A measure of disorder vs. order  
•  …Or… 
•  Not at all … why address it if not doing so in a satisfying way 

 
  turns out that entropy is not so important in engineering so we create an introductory 
thermodynamics based on work  energy with the minimum energy leading to equilibrium. 
We need to teach a view of heat  entropy with the maximum entropy leading to equilibrium 

Some sort of pathology 

•  Biology simply cannot be understood without it.  Life in water implies that the water 
must move away from hydroscopic regions of proteins to achieve a maximum entropy 
state. How does this happen? 

•  Proteins fold to place hydrophobic regions inside, this squeezes out the water. 
 
 
 
                                                            Harana and Kinoshita 2005 
 
 

•  Lipids form vesicles (transport containers for neurotransmitters) and membranes 
 
 
 
 
 
 

       
•  Probability theory and thermodynamics predict that the state with the highest number of 

configurations (W) is the most probable, will have the highest entropy and will be realized at 
equilibrium. 
                S = kBln(W) 

•  Build an understanding of probability by considering con flips and dice throws.  For example, 
when flipping a coin 4 times, what is the probability to have: 

                                                              
2H2T… 
is the most probable state. 
has the highest entropy. 
Is where you will mostly  
find the 4 coins.  

 
 
 
   

  P             State 
1/16          4T 
4/16          1H3T 
6/16          2H2T               
4/16          3H1T 
1/16           4H 
<x> = 0, RMS = 2 

Experimental verification after 300 
attempts (30 flips x 10 groups) 

t = 0 

Brownian 
Motion 

Diffusion 

Summary 
•  Students develop a conceptual, model-driven, and operational understanding of 

entropy. Moreover, this understanding helps them to predict and observe the physical 
basis for important biological phenomena. 

•  Brownian motion and diffusion are observed as tangible manifestations of entropy. 
Contact is made to the equipartition theorem, which is essential for understanding the 
energetics of thermally-driven processes. 

•  Extensions of entropically driven processes include the protein folding and membrane 
formation. 

import java.util.*; 
import java.text.*; 
import java.awt.*; 
import java.awt.event.*; 
import java.awt.geom.*; 
import javax.swing.*; 
import javax.swing.event.*; 
 
public class RandomWalk extends JPanel { 
 
    private String newline = "\n"; 
    int startX=300, startY=300;         // 
Starting point. 
    int ballRadius = 5;                 // Radius of 
each particle. 
    double randomMoveDist = 5;          // 
How much to move. 
    double randomMoveProb = 0.5;        // 1-
Pr[move uses forces] 
 
    LinkedList<Point> points;           // 
Centers of particles. 
    int n = 1;                          // #particles - 
from screen. 
    int d = 10;                         // Annular 
distance. 
    int t = 100;                        // #time steps 
to simulate. 
 
    int time = 0;                       // Current time. 
    int avgX;                           // Avg X value. 
    int avgY;                           // Avg Y value. 
    boolean useForces = false; 
    boolean simulationCompleted = false; 
 
    int fr = 20;                        // Not used. 
 
    // GUI variables. 
    String[] simTypes = {"Model-1", 
"Model-2"}; 
    JComboBox simType = new JComboBox 
(simTypes); 
    JTextField nField = new JTextField (5); 
    JTextField dField = new JTextField (5); 
    JTextField tField = new JTextField (7); 
    int sleepTime = 100; 
    String currentMsg = ""; 
    String terminateMsg = ""; 
    Thread currentThread; 
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Single 
particle 

t >> 0 

more 
particles 

•  Calculate probabilities for series of coin flips, dice throws then verify experimentally 
•  Simulations bridge the gap to biologically-relevant large numbers (# of steps for Brownian 

motion, # of particles for diffusion): 
 
 
 
 
 
 
 
 

 
 
 

•  As the number of particles increases to simulate diffusion, the spatial concentration 
assumes a Gaussian shape. Students learn that the standard deviation is model derived 
and related to physical quantities: diffusion constant, viscosity, kBT -- equipartition. 

•  Simulations are verified by experimental observations of Brownian motion and diffusion 
 
 
 
 
 
 
 
 
 
 

•  In Brownian motion experiments, the motion of 3-micron latex beads is recorded as  
video, videos are digitized and trajectories are plotted, then histograms of steps sizes are 
plotted. 
Microscopes are borrowed from biology, cheap ~$30 ccd camera and frame grabber are 
used, and data are analyzed using LoggerPro and ImageJ (both are readily available) 
 
 
 
 
 
 
 
 
 
 
 
 

•  In diffusion experiments, ~1016 dye molecules are placed in the center of gelatinous agarose 
poured into Petri dishes. Digital photos are made at selected intervals and grayscale  
profiles are plotted. Equipment here is readily available: student’s cell-phone cameras, ~$25 
light box, plastic Petri dishes.  

Entropy-driven self 
assembly leads to 
biologically necessary 
compartments. Extensions for later in the course 

•  Balancing potential energy against entropy leads to osmotic pressure  
•  Balancing entropy against electrostatic interaction leads to screening charges around cells 

as well as to protein-protein binding 
•  Entropy drives charges against electric fields to generate nerve pulses 


