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List Of Unsolved Math Problems

The Enduring Allure of Mathematical Mysteries

From the ancient riddle of squaring the circle to modern enigmas that shape our
digital world, mathematics has always been driven by unanswered questions. A
list  of  unsolved  math  problems  is  more  than  a  catalog  of  intellectual
challenges—it is a roadmap of human curiosity. These problems sit at the frontier
of  knowledge,  daring mathematicians to push deeper into abstract  reasoning.
Some of these puzzles are centuries old, while others emerged only in the last few
decades with the rise of computers and complex systems. Whether you are a
student, a researcher, or simply someone fascinated by numbers, exploring these
unsolved questions offers  a  glimpse into the very edge of  what  is  known.  In  this
article,  we  will  journey  through  some  of  the  most  famous,  profound,  and
stubbornly open problems in mathematics.



Millennium Prize Problems: The Top Tier

In 2000, the Clay Mathematics Institute selected seven of the most important open
problems in mathematics, offering a one-million-dollar prize for a correct solution
to each. These are known as the Millennium Prize Problems. Six remain unsolved
today, and they form the core of any serious list of unsolved math problems.
We will examine each, along with their significance and current status.

The Riemann Hypothesis

Perhaps the most famous unsolved problem in all of mathematics, the Riemann
Hypothesis deals with the distribution of prime numbers. It posits that all non-
trivial zeros of the Riemann zeta function lie on the “critical line” in the complex
plane  where  the  real  part  is  1/2.  If  proven  true,  it  would  revolutionize  our
understanding  of  primes  and  have  deep  implications  for  number  theory  and
cryptography. Despite massive computational evidence supporting it, a rigorous
proof remains elusive. The problem has stood for over 160 years.
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P vs NP

This is a foundational question in computer science and mathematics. It asks: if a
solution to a problem can be verified quickly (in polynomial time), can that solution
also be found quickly? In simpler terms, are problems that are easy to check also
easy to solve? Most researchers believe P is not equal to NP, but no proof exists. A
solution  would  transform  fields  like  optimization,  cryptography,  and  artificial
intelligence. It  is arguably the most practically impactful  entry on any list of
unsolved math problems.

Navier-Stokes Existence and Smoothness

Every  student  of  fluid  dynamics  encounters  the  Navier-Stokes  equations,  which
describe the motion of viscous fluids. The problem asks whether solutions always
exist and remain smooth (i.e., free of singularities) in three dimensions. While we
know that smooth solutions exist for short time periods, or under certain initial
conditions, no one has proven that they exist for all time. Turbulence, in particular,
remains a mystery.  Solving this problem would have immense applications in
engineering, meteorology, and oceanography.



Birch and Swinnerton-Dyer Conjecture

This conjecture concerns elliptic curves, which are fundamental in modern number
theory and cryptography. It links the number of rational points on an elliptic curve
to  the  behavior  of  its  L-function  at  a  specific  point.  If  true,  it  would  provide  a
powerful  way  to  determine  whether  an  elliptic  curve  has  infinitely  many  rational
solutions.  The  conjecture  has  been  verified  for  many  curves  but  lacks  a  general
proof.  It  is  a central  piece of  the Langlands program and a key topic in any
comprehensive list of unsolved math problems.

Hodge Conjecture

The Hodge conjecture is a deep question in algebraic geometry. It asks whether,
for a smooth projective complex algebraic variety, every Hodge class (a certain
type  of  cohomology  class)  can  be  represented  by  an  algebraic  cycle  (a
combination  of  subvarieties).  In  simple  terms,  it  addresses  the  relationship
between  geometric  shapes  and  the  algebraic  equations  that  describe  them.
Despite  extensive work,  the conjecture remains open for  most  cases,  though
partial results exist for certain dimensions.
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Yang-Mills Existence and Mass Gap

This problem comes from quantum field theory and particle physics. It asks for a
rigorous  mathematical  construction  of  Yang-Mills  theory  (which  describes  the
strong nuclear force) and a proof that particles in this theory have a positive mass
(the “mass gap”).  Experimentally we know the mass gap exists (protons and
neutrons  have  mass),  but  a  mathematical  proof  consistent  with  quantum
mechanics  is  missing.  Solving  it  would  be  a  major  step  toward  bridging
mathematics and theoretical physics.

Other Famous Unsolved Problems in Number
Theory

Beyond  the  Millennium Problems,  number  theory  is  particularly  rich  in  long-
standing, easily stated puzzles. These have captivated amateur and professional
mathematicians  for  generations  and  are  quintessential  entries  in  any  list  of
unsolved math problems.



Goldbach's Conjecture

First stated by Christian Goldbach in 1742, the conjecture asserts that every even
integer greater than 2 can be expressed as the sum of two prime numbers. For
example, 4 = 2+2, 6 = 3+3, 8 = 3+5, and so on. Computational checks have
confirmed it for numbers up into the quadrillions, yet no general proof exists. It is
one of the oldest and most accessible unsolved problems in mathematics.

Twin Prime Conjecture

Twin primes are pairs of primes that differ by exactly 2, such as (3,5), (11,13), and
(17,19).  The conjecture states that there are infinitely many such pairs.  Progress
has  been  made  recently:  in  2013,  Yitang  Zhang  proved  that  there  are  infinitely
many  prime  gaps  bounded  by  a  finite  number  (later  reduced  to  246).  However,
proving that the gap of 2 occurs infinitely often remains out of reach.

The Collatz Conjecture

Also known as the 3x+1 problem,  this  is  deceptively simple.  Start  with any
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positive integer. If it is even, divide by 2; if it is odd, multiply by 3 and add 1.
Repeat. The conjecture claims that no matter what number you start with, you will
eventually reach the cycle 4, 2, 1. Despite being tested for trillions of numbers, no
proof exists. The problem has become a playground for exploring computational
number theory and dynamical systems.

The Beal Conjecture

Sometimes called the “Beal Prize Problem,” this is a generalization of Fermat's
Last Theorem. It states that if Ax + By = Cz where A, B, C are positive integers and
x, y, z are integers greater than 2, then A, B, and C must share a common prime
factor.  The  problem  has  attracted  a  substantial  prize  and  remains  open.  It
connects deeply with Diophantine equations and modular forms.

Geometry and Topology Puzzles

The world of  shapes,  surfaces,  and space is  not  without its  own unanswered
questions. These geometric problems often have elegant formulations and deep



implications. They are indispensable on any list of unsolved math problems.

Perfect Cuboid Problem

Can a rectangular box (a cuboid) exist such that all three face diagonals and the
space diagonal (the line from one corner to the opposite corner) are integers?
Such a shape would be called a perfect Euler brick. While examples with integer
sides and face diagonals exist (Euler bricks), adding the space diagonal condition
has foiled all searches. It is a problem in Diophantine geometry that has been
tackled by exhaustive computation without success.

The Double Bubble Theorem (Generalized)

While the original double bubble theorem (minimizing surface area for two equal
volumes) was proved in 2000, the general case for more than two bubbles remains
open.  For  three  or  more  bubbles  with  possibly  different  volumes,  the  optimal
shape  is  not  known.  This  problem belongs  to  the  calculus  of  variations  and
geometric measure theory and has applications in foam physics and biology.
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Hadwiger-Nelson Problem

What is the minimum number of colors needed to color the plane such that no two
points at distance exactly 1 share the same color? This is a problem in graph
theory and geometry. The answer is known to be between 5 and 7 (the de Grey
construction  showed  that  5  colors  are  insufficient,  and  7  colors  suffice  by  a
hexagonal  tiling).  Narrowing  this  range  to  a  single  number  remains  open.

Problems in Analysis and Dynamics

Beyond  the  Navier-Stokes  equations,  analysts  face  other  fundamental  open
questions.  These  problems  examine  the  behavior  of  functions,  systems,  and
infinite series.

The Invariant Subspace Problem

This is a classic question in operator theory on Hilbert spaces. Does every bounded
linear operator  on a complex separable infinite-dimensional  Hilbert  space have a



non-trivial closed invariant subspace? The answer is known to be “yes” for certain
classes of operators but is unknown in general. It touches on the very structure of
linear transformations and has deep connections with functional analysis.

Lyapunov’s Second Method for Partial Differential Equations

While  Lyapunov  stability  theory  works  well  for  ordinary  differential  equations,
extending  it  to  infinite-dimensional  systems  governed  by  partial  differential
equations (like the Navier-Stokes equations) remains an active area. No general
constructive  method  exists  to  find  Lyapunov  functions  for  such  PDEs.  This  is
critical  in  control  theory  and  applied  mathematics.

Open Problems in Combinatorics and Graph
Theory

Even simple counting problems can defy solution. These problems often appear in
recreational mathematics but have serious scientific implications.
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The Ramsey Number R(5,5)

Ramsey  numbers  are  notoriously  difficult  to  compute.  R(5,5)  is  the  smallest
number of vertices such that any graph on that many vertices must contain either
a 5-clique (a set of 5 vertices all connected to each other) or an independent set of
5 vertices (no connections). The exact value is unknown, though it is known to lie
between  43  and  48.  The  difficulty  hints  at  the  complexity  of  determining  graph
properties.

Graham’s Number Problem

Graham’s  number  is  a  famously  large  number  from Ramsey  theory,  but  the
problem itself  is:  what is  the smallest  dimension of  a hypercube such that a
certain edge-coloring property holds? Originally, 6 was thought to be an upper
bound,  but  later  work  showed  it  is  at  least  13.  The  exact  number  remains
unknown, and the problem is a classic in combinatorial geometry.



Conclusion

This list of unsolved math problems  is far from exhaustive—new problems
arise constantly,  and many older ones remain stubbornly open. Each problem
represents a gateway to deeper understanding, often with implications far beyond
pure mathematics. Whether it is the Riemann Hypothesis shaping the foundations
of number theory, or P vs NP


