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# This is an enhanced version of the chain (catenary curve) exanple
# discussed in Chapter 5 of the book Object-Oriented Programm ng in Python
# Authors: Jason Fritts, M chael Col dwasser

from cslgraphics inport *
frommth inport sqrt

#*************************

# Define constants

#*************************

# exanpl e chain length, nunmber of links, Iink length, etc.

di spl aySpeed =1.0 # larger for faster display, and vice versa
nunii nks = 50 # nunmber of chain |inks

resti ngLength =21.0 # initial length of each link (in pixels)

t ot al Separation = 630.0 # di stance between chain ends (in pixels)

gravi t yConst ant

el asti ci t yConst ant
speed

epsil on

( 1.0/ 32.2 ) * (total Separation / 600)
1.0 / total Separation

di spl aySpeed * (nunlinks / 20)
sqrt(speed) / max(total Separation, 400)

#*************************

# Define functions
#*************************

#### convenient function for adding up to three (x,y) tuples
def conmbine(A, B, C=(0,0)
return (AJO] + B[0] + CJO], A[1] + B[1] + C1])

#### function returns a tuple representing the force being
#### exerted upon point A due to the link joining Ato B
def cal cForce(A, B)

dX = (B[O] - A[Q])

dy = (B[1] - Al1])

di stance = sqgrt(dX * dX + dY * dY)

f or ceFact or 0
i f distance restingLength: # link being stretched

stretch di stance - restinglLength

forceFactor = stretch * el asticityConstant

v i

return (forceFactor * dX, forceFactor * dY) # returning a tuple

#### function to alter the graphical path and refresh canvas
def drawChai n(chai nData, chai nPath, theCanvas):
for k in range(len(chainbata)):
chai nPat h. set Poi nt (Poi nt (chai nData[ k][ 0], chainbData[k][1]), k)
t heCanvas. refresh()

#*************************

# Main program

#*************************

# initialize the chain; one end at (0,0) other at (total Separation, 0)
chain =[]
for k in range(nunLinks + 1):

X = total Separation * k / nuniinks

chai n. append( (X, 0.0) ) # add new position

# initialize the graphics
paper = Canvas(total Separation, total Separati on)
paper . set Aut oRef r esh( Fal se)

curve = Path()
for p in chain:

curve. addPoi nt (Poi nt (p[ 0], p[1]))
paper . add(curve)

graphi csCounter = int(25 * speed) # we will only draw sone iterations



73: # as long as forces are not (sufficiently) in equilibrium adjust

74 # chain link positions and re-draw

75: sonet hi ngMoved = True # force loop to start

76: whil e sonet hi nghMoved:

77: sonet hi ngMbved = Fal se # default for new iteration
78: ol dChain = |ist(chain) # record a copy of the data
79:

80: # exam ne forces being applied to a chain |ink, and

81: # adjust link position if not at equilibrium

82: for k in range(1, nunLinks):

83: gravForce = (0, gravityConstant) # downward force
84: | eft Force = cal cForce(ol dChai n[ k], ol dChai n[k-1])

85: ri ght Force = cal cForce(ol dChai n[ k], ol dChai n[ k+1])

86: adj ust = conbi ne(gravForce, |eftForce, rightForce)

87: chai n[ k] = conbi ne(ol dChai n[ k], adj ust)

88:

89: if abs(adjust[0]) > epsilon or abs(adjust[1]) > epsilon:
90: somet hi ngMbved = True

91:

92: # only draw intermttent results, otherw se display takes too |ong
93: graphi csCounter -=1

94 i f graphi csCounter ==

95: dr awChai n(chai n, curve, paper)

96: graphi csCounter = int(25 * speed)

97:

98: # display final result with line enphasized (bol d)
99: curve. set Border Wdt h(2)
100: drawChai n(chain, curve, paper)



