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“If I were not a physicist, I would probably 
be a musician. I often think in music. 

I live my daydreams in music.   
I see my life in terms of music. ... 
I get most joy in life out of music.”

When Albert Einstein was asked if his interest in music helped with 
the development of the theory of relativity, he responded: “It occurred 
to me by intuition, and music was the driving force behind that 
intuition. My discovery was the result of musical perception.”





What are the fundamental constitutients 
which comprise the universe?

How do they interact? 

What holds them together? 

Who will win the NBA Championship?

Age-Old Questions Physicsts Ask



Sidney Harris

Compact
Easy to remember
Fits on a T-Shirt

Periodic Table
Circa 400 BC



Complex
Difficult to remember
Hard to fit on a T-Shirt

Periodic Table
Circa 1900 AD



There are a variety of Grand Unified Theories

Others predict the 
existence of:*

SUSY
Higgs Bosons
SuperStrings

...

How will we 
find these???



We need higher energies to access these proposed particles

Compare these machines:

LEP e+e- √s = 200 GeV
HERA ep √s = 314 GeV
RHIC NN √s = N × 100 GeV
Tevatron p - p-bar √s = 2000 GeV
LHC pp √s = 14,000 GeV

Hadron beams provide the highest energy



The world: Pre-Columbus



The ATLAS detector

Size of a person

LHC: The High Energy Frontier   (2007)

P P collisions
 

√s = 14,000 GeV

Note: 5 GeV ~ 1 Fermi
∴  14,000 GeV ~ 3×10-19m

The LHC is poised to open 
up one of the largest 
kinematic frontiers in 

many decades

You need big detectors to study small stuff!!!



An Example: The Higgs Boson



Is this a Higgs Boson???   e+e- →Ζ→ΖΗ→ bbjj



How do we know 
what to look for???



Symmetries: A brief history
Einstein’s Special Relativity: 1905

� All inertial reference frames are created equal
� Light travels with speed c in all frames

Gauge Symmetry (and Gauge Invariance) 1954
� Physics is independent of gauge (~ coordinate system)
� Higgs Boson respects gauge invariance

SUSY: SuperSymmetry  1976         (6453 Theory Papers; 0 Data)
� There exists a symmetry between Fermions and Bosons 
� Previously: 

� Fermions (s=1/2: building blocks) 
� Bosons (s=0,1, ... : forces)

Mathematical String Theology:  1974 (4870 Theory Papers; 0 Data)

Things are simple in 11 dimensions



Symmetries play a central role in 
physics

... and in music



Symmetries in music:

Johann Sebastian Bach 1685-1750
   ... height of Baroque



Fugue: A type of Baroque composition similar to a crossword 
puzzle, but with fewer clues. The greatest fugue composer was 
J.S. Bach, who died before completing his seminal work, The Art 
of Fugue. Many musicians since have died trying to play it. (One 
misguided musicologist who thought that the Fugue was actually 
an 18th  century portrait painter was unceremoniously drummed 
out of the profession, and has since made a fortune writing 
record-liner notes.)      Stolen from: A Musician's Dictionary, by David W. Barber



Counterpoint: A musical device similar to 
needlepoint, although not designed to be 
hung on the wall or used on seat covers. Said 
to be a musical conversation, it more often 
resembles an argument. A favorite device of 
many Baroque composers, all of whom are 
now dead---although a direct connection 
between these two has never been 
conclusively established. Although no longer 
in practice by modern composers, it’s still 
taught in schools, as a form of punishment. 

Stolen from: A Musician's Dictionary, by David W. Barber



GENERAL RULES FOR COUNTERPOINT
(Numbers in brackets refer to Rules as listed in the Palestrina computer program.)
The Cantus Firmus (which means fixed or pre-existing voice or part, and is usually abbreviated as CF) will be provided by me.
Your counterpoint: 
conjunct movement wherever possible (2, 6, 13) 
permitted leaps are the octave, perfect 4th, perfect 5th, major and minor 3rds, minor 6th (ascending only). You cannot use augmented or 
diminished leaps, 7ths of any kind, leaps greater than an octave (1) 
avoid outlining augmented or diminished leaps (i.e. having them within about 3 or 4 notes of each other (see below, under 'leaps'). Therefore 
two consecutive leaps in the same direction are forbidden (12) 
a leap is usually followed by a step back within the leap; occasionally by a step in the same direction (i.e. a little further). If you wish a leap to 
be followed by a leap back within the interval (which is certainly permissible) you will have to be careful that the notes follow the harmonic 
rules (see below) (10)
Your harmony: 
until allowed to do otherwise, you must make all intervals concordant. Concords are of two types:
perfect concords: octaves and fifths;
imperfect concords: major and minor 3rd, major and minor 6th (15)
Two consecutive perfect concords are forbidden (22, 23, 24). This covers not only consecutive 5ths and 8ves, but a 5th moving to an octave. 
The only exception to this is a 5th moving down to an 8ve, especially at a cadence. 
Discords are forbidden. These are 2nds, 7ths, diminished and augmented intervals, and, most important, perfect 4ths (15) 
Moving in parallel upwards to a perfect concord is also forbidden, even from an imperfect concord (21) 
In two parts spacing should not exceed a 12th (an octave and a fifth) (28) 
Exercises should start on a unison or fifth (or their octaves) and finish on a unison or octave (19) 
Actual unisons (i.e. the same note) may appear only at the beginning and end (18) 
The harmony should be written in such a way that the melodic lines are so smooth that they are easily singable (14) 
Check for careless errors, such as additional beats or half-beats (20)
Note: these are not my rules; they come from observing what happens in real music. If in doubt, look at the music yourself; the works of 
Palestrina make a good starting-point.
Clefs:
We shall sometimes use C-clefs. The C indicated by a C-clef is always middle C. For nomenclature count up from the bottom line (e.g. the 
tenor C-clef is C4). More often we shall use the transposed G-clef for the tenor, the subscript 8 indicating down an octave.



Wagner’s music is 
better than it sounds. 

  Mark Twain



What makes Good vs. Bad music???

Where do the rules of Counterpoint 
come from???

Is there a symmetry underlying the 
music???



Harmony Cacophony

f
beats

 = ∆f

C DCG

Harmony: Over-simplified

Note: Parallel 5th’s are a no-no!!!



1

654

32



Higgs Bosons Really Simplified ... 



F =  m a

m = F/a

Underwater!!!

Enables the theory to have a mass term AND respect gauge invariance



Symphony No.6 (Tchaikovsky, Pyotr Ilyich) 4th Movement

Hidden Symmetry

Wolfgang Amadeus Mozart  1756-1791



That which is not 
expressly 

forbidden is 
allowed

common folklore
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Why are these not observed even 
though they are allowed????

Flavor Changing Neutral Currents





Compact
Easy to remember
Fits on a T-Shirt

Periodic Table                Circa 2000 AD

Why duplication of generations????
Signal of underlying structure???

Can we unify these 4 forces???



Let’s look for more patterns:

What is the time-signature of 
this piece???



1   2   3   4   1   2 3    4  1234

1   2 3      4  5     1 2    3 4     1 2    3

1      2    3    4    1      2   3    1     2    

1:30

Looking 
for Patterns



  1  2  3   4   1   2 3   4  1234

  1  2 3   4  5      2 3   4 5    2 3   4

1:30

Looking for Patterns



Going to smaller scale, we get to simpler, more fundamental objects

Small distance ~ High Energy



The Unification Scale

If we were to go to very 
high energy scales, 3 of 

the forces unify. 



The ATLAS detector

Size of a person

Stay tuned: Coming next year to a news stand near you (2007)

Caveat: Physics is data 
driven while music is 

subjective



One interpretation of a hadron-hadron collision



Musicians Compose

Physicists must decompose???





Mr. Tompkinks
George Gamow

One, Two, Three, 
Infinity

George Gamow

The Elegant 
Universe
Brian Greene

Flatland
Edwin Abbot


