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How the partnership began
e At 92, topologist Joan Birman received yet another email from a student seeking help —
but this one, from 15-year-old Vasudha Bharathram, felt unusually sincere.
e Birman, recently widowed and still hungry for mathematical conversation, agreed to meet.
e Vasudha arrived with curiosity, determination, and pages of messy—but original—proofs
from Herstein’s Topics in Algebra. Birman immediately saw genuine talent.

Birman’s mathematical world
e Birman’s specialty: braids and knots, flexible geometric objects translated into algebra.
e Her career spanned decades of breakthroughs, including helping interpret Vaughan
Jones’s polynomial — work that contributed to his Fields Medal.
e She mentored generations of “mathematical daughters,” though she had sworn off taking
young students after one died early in their collaboration.

The unsolved problem
e Birman introduced Vasudha to the Burau representation, a way of encoding braids
using polynomials.
e Faithfulness of Burau was known for:
o 3 strands — faithful
o 5+ strands — unfaithful
o 4 strands — unknown for nearly a century
e Birman decided they would attempt the impossible: solve the four-strand case.

The collaboration deepens

e Through the pandemic, Zoom sessions, and Birman’s health challenges, Vasudha kept
working — blasting Pink Floyd while visualizing braids.

e Birman brought in a former student, Tara Brendle, who spotted a key error and joined
the effort.

e The trio developed a new approach: reinterpret 4-strand braids as 5-strand objects,
allowing them to eliminate problematic cancellations in the polynomial.

e This “super elegant” shift led to a breakthrough.

The result
o After years of work, they posted a paper claiming a solution to the four-strand Burau
problem — a result mathematicians had chased for decades.
o Experts are still digesting it, but early reactions call the method “remarkable” and thrilling,
especially coming from Birman at age 99.

A passing of the torch
e Vasudha, now a graduate student at Princeton, continues expanding Birman’s ideas into
four-dimensional topology, where almost nothing is known.
e Birman, feeling her age but still intellectually fierce, delights in seeing her *mathematical
dream” carried forward.

Why this story matters
e It's a rare, intimate portrait of mathematical mentorship:
o A 92-year-old pioneer
o A teenager with raw, original insight
o A shared obsession with a problem older than either of them
e And it shows how mathematical knowledge is passed down — not through textbooks, but
through minds in conversation.



