PHY 307, Science and Computersl|

Lab #7, Part 2, October 3, 2002
(try to finish today!)

Cultivating Colorful Continuous Closed Curves using Coordinates

Summary of what you will do:

You will sudy an dternate solar system, where thereis aplanet smilar to Mars,
but which is much more massive than our Mars.

What effect would this massive Mars have on the Earth’ s orbit? (Leading to
changesin seasons or plunging into the Sun?) Isit conceivable for the planets to behave
chaoticaly?

Thislab will be preceded by areview of vectors, the forces that act on planets,
and of part 1 of the lab.

LOAD YOUR MODULES

1. Loginand continue your report for Lab #7 —thisis Part 2.

2. There are two modules available under Codes on the web page — save these
modules as gravity.py and fakesolar system.py on your home drive. Copies of
these codes are listed at the end of the lab.

a. gravity.py definesthe forces of gravity and updates the position and curve
that records the path of a planet. It has two functions. The function
gravaccel computes the acceeration due to gravity on aplanet a agiven
position due to a planet having another position and mass. The function
update updates the position of a planet based upon its velocity. This
function aso updates the velocity by adding up dl of the acceleration
vectorsthat act on the planet. It tracks the position of the planet by
gppending points to the curve associated with the planet, at the position of
the planet.

b. fakesolarsystem.py gives coordinates, velocities, masses, and vishle
szesto the Sun, the Earth, and to Mars. Mars s position and velocity are
not quite accurate and you will aso vary its mass.

3. Firg, investigate the dynamics of a solar system that ressmbles ours, The
fakesolar system.py module has zero mass for Mars, which is gpproximately true
asfar asthe Earth is concerned. To get the smulation Sarted, you need to write a
program, saved as theplanets.py. This program will need to:

a. import the definitionsfrom gravity.py and fakesolar system.py.

b. Set scene.autoscaleto 0.

c. Haveawhile 1: loop that, a aparticular rate, executes the function
update for dl of the objectsin thelist planets.

Execute this program. PUT Y OUR PROGRAM INTO Y OUR REPORT.
RECORD HOW THE MOTION OF THE EARTH AND MARS APPEARS.




MAKE MARSMASSIVE

4. Increase the mass of Marsto 0.02 (the Sun has amass of 1.0) and repeat your
smulaion again. NOTE: whenever you modify fakesolar system.py, make sure
to save it so that your program theplanets.py will load the updated module. Try a
mass of 0.05 and one or two other masses— RECORD HOW THE MASS OF
MARS AFFECTS THE CHARACTERISTICS OF THE EARTH ' SORBIT.
Include afew sngpshots. DISCUSS what you see.

5. Findly, seeif you can show how a massve Mars can induce chaos. To do this,
you want to study the butterfly effect. How could you compare the motion of the
Earth with that of a second Earth that had dightly different sarting conditions?
Suppose this second Earth (earth2) had an initid position of
(2.999999, 0.002, 0), but was identical to the earth inal other respects. Can you
modify fakesolar system.py to add this second Earth (say with color green and
track color white)? Once you do this, run theplanets.py again and RECORD
WHAT YOU SEE FOR VARYING VALUES OF THE MASS OF MARS.

6. SUMMARIZE the results of today’ s work.

MODULES

gravity.py

## Cct. 1, 2002, A. Mddleton

## gravity. py

## This nmodul e defines two functions - one cal cul ates the

## accel eration due to gravity on a body at position ra due

## to an object at position rb with mass nb. The second function
## updates the position, velocity, and track of a planet. The

## planet nust be initialized properly (see fakesol arsystem py)
## and have a list of "others": these are the planets which exert
## a force on it.

fromvisual inport *
forcetype = -3
dt = 0.01

## Acceleration in the direction separating objects a and b, w th nagnitude
## 1/ di stance**2. (“one over r squared’ |aw.)
def gravaccel (ra, rb, nb):

return(-(ra-rb)*nmag(ra-rb)**forcetype*nb)

## Update position based on velocity. Velocity changes by accel erati on,
## with acceleration given by the sumfromall ‘others’. A so update track.
def update(pl anet):

pl anet.pos = planet.pos + dt * planet.vel

total accel = vector (0,0, 0)
for other in planet.others:

total accel = totalaccel + gravaccel (planet.pos, other.pos, other.nass)
pl anet.vel = planet.vel + dt * total accel

pl anet. track. append( pos=pl anet . pos)



fakesolarsystem.py

## Paranmeters for the nodel solar system
## Used by the main programthepl anets. py
#t

## Each pl anet needs to be defined AND AT THE END
## all planets nmust be put into the list 'planets

#t - Al objects that exert gravity need a nass.

## - Al objects subject to gravity need a curve attribute naned
## "track' for tracing the orbit, a velocity velocity naned 'vel'
# and list of objects that exert gravity on them (' others')

fromvisual inport *

BRI sun ### (fixed in space by assunption)
sun = sphere(pos=(0.,0.,0.), radius=0.2, color=col or.yellow)
sun.mass = 1

BT b gmars ### (this object will affect Earth
bt e ST AT AT AT but is not affected by the Earth.)
##### note that the z-position is not zero - its orbit will be tilted
#H###H##H rel ative to the unperturbed orbit of the Earth. Set

#H#HH# starting position, velocity, mass, and color of track

bi gmars = sphere(radi us=0.1, col or=col or. magenta, pos=(3,0,0.2))

bi gmars. vel = vector(0,0.5,0)

bi gmars. mass = 0.0

bi gmar s. ot her s=[ sun] ### sun affects the bigmars

bi gmar s. t rack=cur ve(col or=col or. red)

earth = sphere(radius = 0.1, col or=color.blue, pos = (2,0,0))
earth.vel = vector(0,O0.6,0)

eart h. ot her s=[ sun, bi gmar s] ### bigmars and sun affect the earth
earth. track=curve(col or=col or. cyan)

## list of the planets - things with tracks and dynamics - sun is fixed
pl anets = [bignars, earth]



