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What is Symmetry?

Galileo Galilei (1564–1642)



What is Symmetry?

• Dictionary: Exact correspondence of form and

constituent configuration on opposite sides of a

dividing line or plane or about a center or an axis.

• Invariance under motions (flips, turns,

translations) or mathematical operations

(symmetries are transformations).

• Symmetry preserves distances, angles, sizes,

shapes, etc.

• Symmetry creates stability and order.

• Paraphrasing Wigner: “ “... the unreasonable

effectiveness of using symmetries in

mathematics... .”



Father – Daughter Puzzle

Today, the ages of a father and his daughter add up

to 40 years. Five years from now, the father will be 4

times older than his daughter. How old is each today?

Solution: F : age of the father (today).

D : age of the daughter (today).

F +D = 40

F + 5 = 4 (D + 5)

Eliminate F =40−D and solve for D (smaller number):

45−D = 4 (D + 5) or 5D = 25

Hence, D = 5 and F = 40−D = 35.



Symmetry Reduces Complexity

Solution: 20 + x : age of the father (today).

20− x : age of the daughter (today).

25 + x = 4 (25− x) or 5x = 75

Hence, x = 15.

Father is 20 + x = 35. Daughter is 20− x = 5.



Shortest path puzzle

Connecting Cities with Shortest Road System



D

Three cities in equilateral triangle



L = 1.87 D

One choice of a road system



L = 1.73 D

Shortest road system connecting three cities



D

Four cities in a square



L = 2.83 D

One choice of a road system



L = 2.73 D

Shortest road system connecting 4 cities



Add the triangles on the square!



Nature



Nature



Human Face



Human Body
Vitruvian Man – Leonardo da Vinci (c. 1490)



Architecture



Architecture: From Symmetry to Loss of Symmetry



Symmetric or Not?



Art and Design



Symmetric or Not?



Music
Fugues – Bach

Arch form – ABCBA – Béla Bartók.

Scales/chords – Mozart



Literature

Palindromes: Words and Sentences

dud, civic, madam

“Madam, I’m Adam”

A man, a plan, a canal: Panama

Sit on a potato pan, Otis

Palindrome Story – 2002 words long; published on

Web on February 20th, 2002 or 20-02-2002.

Longest sentence: 17,826 words!



Symmetry in Chemistry

Allene Methanal



Symmetry in Physics

Universality of the Laws of Physics

Laws of motion are independent of location (space

invariant).

The Lorentz group (of Lorentz transformations)

expresses the fundamental symmetry of space and

time of all known fundamental laws of nature.



For example, the following laws, equations, and

theories respect Lorentz symmetry:

• The kinematical laws of special relativity,

• Maxwell’s field equations in the theory of

electromagnetism,

• The Dirac equation in the theory of the electron,

• The Standard Model of Particle Physics.


