PHY 307, Science and Computersl|
Monte Carlo Lab #2, November 12 and 14, 2002
(due by end of lab Thursday)

Stumbling ethanol abusers: alone and with friends

Summary of what you will do: Many physicd, biologicd, chemica, and even economic
processes are modeled with random walks. Smdl particles can be rapidly affected by
calligons from molecules move in arandom fashion. Thisis sometimes referred to as a
“drunkard’ swak”. These particles might be atoms, molecules, or even living cdls The
position of these particles steps in random directions over time. As the processes that
affect the price of financid instruments are unpredictable, the stepsin price are aso often
modeled as random.

In thefirg part of thislab, you will modd such random walks.

In the second part of the lab, you will look at random aggregates. Particles will
execute random walks until they stick to an aggregating mass. These aggregates can have
avery low dengty: you will sudy how that density changes as particles aggregate and
deduce afracta dimensonfor the Structure.

In lecture segments, we will discuss random walks and look at movies of random
walkers and pictures of aggregates.

LAB REPORT

1. Get set up. Start alab report entitled “MyLastNamewWalkers.doc”, where
MyLastNameis your actud last name.

2. Writeamodule, walk1D.py, which will smulate the motion of arandom walker
in one dimension (drunk on asidewak) and plot the x-coordinate as a function of
time. The walker itsdf will be a sphere and a cylinder atached to aframe. This
frame will move dong the x-axis by random amounts.

Import the modules you will need: visual, visual.graph, and random.

Set scene.autoscaleto 0.

Set atime variable, t, withinitid vaue 0.

Make aframe: this frame, holding the sphere and cylinder, will “wak”.

Create a cylinder, with axis=(0,2,0), attached to the frame. Create a

gphere, attached to the frame with pos=(0,3,0).

RUN YOUR PROGRAM to seeif it works so far.

Addinaplot, usng geurve(), asin, myplot = gcurve()

Now set up afor loop to run 10,000 time steps. In thisloop:

1. Keeptherate dow enough, say rate(40).

2. Add arandom step to the x-coordinate of the frame. Do thisby
adding random()-0.5 to the frame’s pos.x attribute.

3. Pot the new position as afunction of time. For example,
myplot.plot(pos=(t,name_of frame.pos.x))

4. Add 1toyourtimevariable.

3. Include your code and a snapshot of your plot in your report. Comment on the
appearance of the linein your plot.
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4. Start anew code, manywalker s3D.py, that will Smulate many particles, moving
in three dimengons like fragrance moleculesin dill ar or like fat globulesin
milk:

a. Import visual and random.

b. Turn off autoscding.

c. Stat an empty ligt, named particles.

d. Useafor loop over, for | in range(300):, to make 300 spheres, each
appended inturn to the lig particles. Give each sphere aradius of 0.5.

e. RUN YOUR PROGRAM to make sure it works so far.

f.  Now add on the dynamicsfor the particles. In aninfinite while 1. loop,

1. Useafor loop toloop over dl of the spheresin thelig particles.
Add avector in arandom direction to the spheres postion. You
can do thisby adding random()-0.5 to each of thex, y, and z
pogitions, for example.
g. Runyour program— record your program and what you see.

5. Now you will augment manywalker s3D.py to make a plot of the average of the
square of the distance of the particles from their starting point, as afunction of
time.

Save a copy of your code to manywalkers3Dplot.py.

Import visual.graph at the beginning of your code.

Make a curve, ¢ = gcur ve(), near the beginning.

Set atime variable to zero (t=0), near the beginning.

In the while 1. loop, you want to compute the average of the square

distance. Thisiswhat you want to add (sets total to 0, adds the square of

the magnitude of the particle postion to the tota for dl particles, then

divides by the number of particles and plots versustime t):
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total =0
for particlein particles:
total = total + mag2(particle.pos)
total = total/len(particles)
c.plot(pos=(t, total))
t=t+1

f.  Run this program. Include this code in your report and comment on the
shape of the plot you get.




AGGREGATION OF STICKY DRUNKS

Pesase read the paragraph and ingtructions carefully and dowly, so that you understand
what you are doing.

For thislagt part of the lab, you will study aggregating random walkers. The smulation
will have agrowing aggregate, represented in python as alist of spheres. Each new
sphere will be created near the aggregate. This new sphere will walk in random directions
until it collides with the aggregate (or gets too far away, in which caseit will be reset

near the aggregate again.) When acollison occurs, the sphere will gick to the aggregate.

This process mimics the aggregation of particlesin suspensons, some biological growth
processes, and is Smilar to how lightning strikes develop.

Note that the function len() can be used to find the “length’ of objects—in the case of a
list named mylist, for example, len(mylist) gives an integer which tells how many items
aeinthelid.

6. Download the code DLA_3D_class.py.
7. The codeincudesafunction nocollision. Explain how this function works, line
by line
8. The second function israndomdirection(). This function returns a vector that has
length 1 and pointsin arandom direction. (Thisisamore correct choice of
random direction. The method we have used before is biased towards the corner
of the cube. Here, we redly need atotaly random direction.) Explain how this
function works, line by line
a. Note that the mag function takes a vector as an argument and returns the
length of the vector. The random() function returns a number from O to 1.
b. What does the while loop check? Note thet the firgt line of the function
just sets d as avector for which this condition istrue, so that arandom d
will be generated.
c. Oncea“proper” vector d is generated, one that satisfies the condition in
the while statement, what happensin the last line of the function?
Thisfunction, randomdirection(), will be used both to generate the initial
location of new particles and to move them around randomly.




9. Therest of the code can be described in outline form. Please review how this
works:
a. Get the Sze of the aggregate to be built.
b. Initidize the aggregate with one blue sphere.
c. Whilethe aggregate needs growing:
1. Makeanew green sphere near the aggregate (at distance
aggr egater adius from the origin.)
2. Whilethe new sphereis not touching the aggregate, it waksina
random direction.
3. Onceit collides, gppend it to the list aggr egate, change its color
to red.
4. Check if the sphere hasincreased the radius of the aggregate. Do
this by comparing the distance from the origin of the new sphere
(+1 as the sphere sticks out a distance 1 from its own center)
with the current radius of the aggregate.
5. Print out current mass and Size of aggregate for this step.
d. The program wraps up by reporting the size of the aggregate as afind
result.

10. Modify the program to report, in addition to the radius, the density of the
aggregate. Thiswill be done by adding asingle line a the end of the program.
Edimate the dengty by dividing the mass by an etimate of the volume of the
aggregete.

11. Run the program for aggregate masses of 2, 10, and 50. Save snapshots of these
aggregates to your report.

12. Run the program 6 times each for sizes of 5, 10, 20, and 40, recording the
agaregate radius and density each time, in atable. Note trends in the average
radius and dengity with aggregate mass. Run the program once for size 80, again
recording the radius and dengity.

13. Wewill average the class data to get a data set of mass versus radius, which,
when plotted on alog-log plot, will give an estimate of the fractd dimension of
diffuson limited aggregates.

14. If you have time, for extra credit, modify your code to run for 2D: just set
randomdirection() to generate points that have random x and y coordinates, but
with zero z-coordinate. Edimate the dengity by dividing the mass by the area of a
circle with radius of the aggregate. How does the density depend on sze? Can
you estimate the fractal dimengon of aggregatesin 2D?




