
String Theory:
A Model Beyond Popular Physics

Kenny Wunder
Mississippi State University

TAMU Cyclotron



Types of string theory

• Bosonic string theory
• Type I string theory
• Type II‐A string theory
• Type II‐B string theory
• Heterotic string theory



The 
 
big ideas (in bosonic string theory)

• On geometry…
– Identification
– Compactification

• D‐branes
• Evolution of the action
• Parameterizing made easy

The light cone gauge

• Becoming particles
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Boundary conditions and D‐branes

• Neumann boundary conditions

• Dirichlet boundary conditions

) ,(0)0 ,( atyty ==

) ,(0)0 ,( at
x
yt

x
y

∂
∂

==
∂
∂



Boundary conditions and D‐branes



Boundary conditions and D‐branes



Boundary conditions and D‐branes



( ) 0 )( 2 =′−−= ∫ dtxVxmxS f

i

t

t
&&δδ )(2 xVxm ′−=&&

The classical action
 The classical point particle
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The classical action
 The classical string
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The classical action
 The classical string
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The classical action
 The classical string
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The classical action
 The classical string
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wave equation!!



The relativistic action
 The relativistic point particle
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The relativistic action
 The relativistic point particle
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The relativistic action
 The relativistic string

ref: Zwiebach, p.101.



The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string

2

212211
21

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅
∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅
∂
∂

=
ξξξξξξ

ξξ xxxxxxdddA
rrrrrr

∫ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅
∂
∂

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅
∂
∂

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅
∂
∂

=
2

212211
21

ξξξξξξ
ξξ xxxxxxddA

rrrrrr



The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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The relativistic action
 The relativistic string
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Effective parameterization:
 The light cone gauge

0=′⋅ XX&
022 =′+ XX&

( )ταβστ  ),( pnXn ⋅′=⋅

( ) ∫ ⋅=⋅
σ τ στσ

β
πσ

0
)~,( ~ 2 Pndpn

: τ
 

–
 

gauge

: σ
 

–
 

gauge 



Effective parameterization:
 The light cone gauge
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Solving the wave equation
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Becoming particles
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Closed stings and open strings

GravitonsClosed strings

Open strings Other bosons



Acknowledgements

Thank You:

Dr. Melanie Becker
Dr. Sherry Yennello

Larry May
Sean Downes



Acknowledgements



•Zwiebach. A First Course in String Theory.  Cambridge 
University Press, 2004.

•Zwiebach. A First Course in String Theory.  2nd Edition. 
Cambridge University Press, 2009.

•Becker, Becker, and Schwarz. String Theory and M-theory: A 
Modern Introduction. Cambridge University Press, 2007.

•McMahon, David. String Theory Demystified. McGraw-Hill, 
2009.

•Kay, David. Schaum’s Outlines: Tensor Calculus. McGraw- 
Hill, 1988.

Bibliography





The relativistic action
 The relativistic point particle

∫−=
f

i d
dp

δxdS
τ

τ

μμ

τ
ττδ )( 

ds
dxmcp

μ
μ = 02

2

=
ds
xd μ

( ) ( ) ( )ν
μν

ν
μνμ

μ

τ
ηη

τττ
p

d
dp

d
dp

d
d

d
dp

===

0=
τ
μ

d
dp0=Sδ


	String Theory:
	Types of string theory
	The big ideas (in bosonic string theory)
	Some things about geometry:�Identification
	Some things about geometry:�Identification
	Some things about geometry:�Identification
	Some things about geometry:�Compactification
	Some things about geometry:�Compactification
	Some things about geometry:�Compactification
	Some things about geometry:�Compactification
	Some things about geometry:�Compactification
	Some things about geometry:�Compactification
	Slide Number 13
	Boundary conditions and D-branes
	Boundary conditions and D-branes
	Boundary conditions and D-branes
	Boundary conditions and D-branes
	The classical action�The classical point particle
	The classical action�The classical string
	The classical action�The classical string
	The classical action�The classical string
	The classical action�The classical string
	The relativistic action�The relativistic point particle
	The relativistic action�The relativistic point particle
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	The relativistic action�The relativistic string
	Effective parameterization:�The light cone gauge
	Effective parameterization:�The light cone gauge
	Solving the wave equation
	Becoming particles
	Closed stings and open strings
	Acknowledgements
	Acknowledgements
	Bibliography
	Slide Number 44
	The relativistic action�The relativistic point particle

