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Project Details

Title: Mandelbrot Breadcrumbs

Part of St. Olaf College’s CURI program

Goal: Prove the existence of baby Mandelbrot sets in the
boundedness locus of either parameter plane for the family

fa,c(z) = zn +
a

zd
+ c ,

where n, d ≥ 3.

Team of two undergraduate researchers, Murali Meyer and
Mike Wang.
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Background

The Mandelbrot set M is the boundedness locus of the critical
point z = 0 for the one-parameter family fc(z) = z2 + c .

This idea can be applied to other parameter families.
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Background

Devaney (2006): proved existence of n − 1 baby M in
a-parameter plane for fa(z) = zn + a

zn , where n ≥ 3

Jang, So, Marotta (2017): proved* existence of n − 1 baby
M in a-parameter plane for fa(z) = zn + a

zd
, where 1

n +
1
d < 1

Boyd, Mitchell (2023): examined 2-parameter family
fa,c(z) = zn + a

zn + c , where n ≥ 3

c real and fixed in [−1, 0]: proved existence of n − 1 baby M
in a-parameter plane
c real and fixed in [0, 1] and n odd: same result
a real and fixed in [1, 4]: proved existence of 2n baby M in
c-parameter plane (n per distinct critical value)

In all cases, baby M are located by tracking behavior of
segments of certain annuli under one application of f .
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Results

Theorem (Meyer, S., Wang)

Let fa,c(z) = zn + a
zd

+ c, with n, d ≥ 3. Fix real a ≥ k(n, d).
Then there exist n + d baby M in the boundedness locus in the
c-parameter plane.

Furthermore, each critical value of f has
gcd(n, d) baby M associated with its orbit.
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Starting from Analysis Basics

Some sample problems from the
first week:

Sample of a proof they wrote
towards the end of the project:
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Developing and Utilizing Coding Skills

Early image using code written
from scratch:

Image generated by code we
adapted from online sources:
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Visual Intuition and Beauty
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A Comprehensive Anecdote

These three aspects of the project came together in the most
interesting thing we encountered.
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To apply the machinery of Douady and Hubbard, for each
parameter value λ there must exist a neighborhood U ′

λ of the
critical number such that the family fλ : U ′

λ → f (U ′
λ) = Uλ is

polynomial-like of degree 2.
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mappings, Ann. Sci. École Norm. Sup., 18, no. 4, (1985),
287-343.

H. Jang, Y. So, S. Marotta, Generalized baby Mandelbrot sets
adorned with halos in families of rational maps, J. Difference
Equ. Appl., 3, no. 23 (2017), 503-520.

S. Boyd, A. J. Mitchell, The boundedness locus and baby
Mandelbrot sets for some generalized McMullen maps, Int. J.
Bifurc. Chaos, 33, no. 9, (2023).

Daniel Stoertz Mandelbrot Breadcrumbs


	Overview of the Project
	Good for Undergraduates
	Starting from Analysis Basics
	Developing and Utilizing Coding Skills
	Visual Intuition and Beauty

	A Comprehensive Anecdote

