ENGRI1 - Nonlinear Dynamics & Chaos

Swarthmore College - Spring 2025

Cobweb Diagrams and the Logistic Map

In this exercise, you will be making cobweb diagrams. Let’s review how to do this. Consider the map given by

Tntl = a:fl + 0.4,

starting from the initial condition zg = 0.1.
To iterate the map forward 4 steps — which you can think of as four discrete steps in time — it suffices to simply
apply to zo four times. The result is summarized in the table below, and visualized in the cobweb diagram to

its left.
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o 0.1
x1 | = f(zo) 0.41

2o | = f(f(z0)) 0.5681
z3 | = [(f(f(z0))) | 0.722738
xy | = fH(20) 0.92235
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Now consider the map given by

starting from zy = 0.3.

Tpt1 = rTn(l — x4)
r=2.5,

# Fill in the following table, and draw the cobweb diagram for this map.
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o 0.3
z1 | = f(zo)

zy | = f(f(z0))

x| = f(f(f(20)))

zq | = f*(20)

z5 | = f°(@0)

ze | = f%(20)

# How many period-n orbits, if any, are there in this system, and at what value(s) of = do they occur?

# What will happen to points initialized from values other than x¢o = 0.3 7

# Plot x,, versus n on the following set of axes. What pattern do you notice?
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Now consider the map given by

Tn+1

starting from xo = 0.5.

=rz,(1—x,)

3.1,

# Fill in the following table, and draw the cobweb diagram for this map.

reg (1 —x,), r=31 o 0.5
1 T T T
0.9 | 1 | = f(mo)
081 i zy | = f(f(z0))
0.7+ |
0.6 . z3 | = f(f(f(x0)))
n B |
§ 0.5 Z4 — f4($0)
0.4} |
0.3 | w5 | = f>(w0)
0.2 | z¢ | = [%(x0)
0.1} |
0 I I I I | | | | | X7 = f7(l‘0)
0 0.1 02 0304 0506 07 08 09 1
Ty xg | = f3(x0)
# How many period-n orbits, if any, are there in this system, and at what value(s) of  do they occur?
# Does the solution tend to a particular value ?
# What will happen for other initial conditions ?
# Plot z,, versus n on the following set of axes. What pattern do you notice?
1
0.8 |
0.6 - |
IS
8
0.4 |
0.2 |
0 | | | | | |
0 1 2 3 6 7 8

In-class exercise

Page 3 of |§|



ENGRI1 - Nonlinear Dynamics & Chaos

Swarthmore College - Spring 2025

Now consider the map given by

starting from zy = 0.5.

Tn+1

=rz, (1 —x,)

3.5,

# Fill in the following table, and draw the cobweb diagram for this map.
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r=23.5
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Does the solution tend to a particular value 7

What will happen for other initial conditions ?

o 0.5
z1 | = f(zo)

x| = f(f(x0))

w3 | = f(f(f(x0)))

zq | = [H(w0)

w5 | = f°(w0)

v | = f(w0)

a7 | = f(w0)

zs | = f*(x0)

Are there any period-n orbits, in this system, and what is the value of n 7

Plot x,, versus n on the following set of axes. What pattern do you notice?
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Now consider the logistic map with » = 3.55. This time, you will iterate the map further.

# Fill in the following table, and draw the cobweb diagram for this map.

ZTo 0.5
z1 | = f(xo)
ran (1 —x,), 1 =3.55
T T T T T T T L2 = f(f(w0))
1.1 N
i vs | = F(F(f(a0))
0.9 - 1 Ty = f4(.230)
0.8 | | 5
0T . s | = (@)
+ | |
a: 06 Tg - fG(xO)
0.5} |
0.4 = x7 | = f"(x0)
0.3} |
_ f8
0.2 - . zs | = [%(20)
0.1p \| zg | = f%(z0)
0 | | | | | | | | |
0 0.1 02 03 04 05 06 07 08 09 1 210 | = f1(z0)
In
z11 | = M (zo0)
Ti2 | = flz(mo)
# Are there any period-n orbits, in this system, and what is the value of n ?
# Does the solution tend to a particular value ?
# What will happen for other initial conditions ?
# Plot z,, versus n on the following set of axes. What pattern do you notice?
1 T T T T T T T T T T T
0.8 |
0.6 [- |
IS
8
0.4 |
0.2 |
0 | | | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10 11 12
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Now consider the logistic map with » = 3.565. This time, you will iterate the map even further.

# Fill in the following table, and draw the cobweb diagram for this map.

ZTo 0.5 I13
z1 | = f(zo0) T14
re, (1 —x,), r=3.565
T T T T T T w2 | = f(f(20)) L15
1.1 N
Al zg | = f(f(f(x0))) T16
0.9 1 Ty = f4(.130) T17
0.8+ = s
0Tf | z5 | = f°(20) 18
+ L |
5 00 xe | = f(x0) T1g
0.5 =
0.4 = x7 | = f"(xo) T
0.3+ =
_ f8
0.9 | xs = (o) T21
0.1 \| zg | = (o) T2
0 | | | | | | | | |
0 0.1 0.2 03 04 05 06 07 08 09 1 210 | = f1(z0) Tos
T
T | = fll(iﬂo) T24
z12 | = [ (z0) Ta5
# Are there any period-n orbits, in this system, and what is the value of n ?
# Does the solution tend to a particular value ?
# What will happen for other initial conditions ?
# Plot z,, versus n on the following set of axes. What pattern do you notice?
1 T T T T T T T T T T T T T T T T T T T T T T
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0.8 |
0.7 |
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0.2 |
0.1 |
0 | | | | | | | | | | | | | | | | | | | | | | | |
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n
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