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Not a physicist!
So take what I say with a jug of salt...
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Overview

In General Relativity:

In Quantum Mechanics

Gravity in Relativity: Curvature in Spacetime

Gravity in Quantum Mechanics: ??

How do we unify the two theory?

Today:
1 What are Strings?
2 Quantised Strings
3 Compactifications
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Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Classical Strings

String Types

What is the mathematical data?

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

Note*: a moving particle has 6 “dimensions”
(3-spatial, like the above 26 dimension)

Lawrence Lo (University of Queensland) Quantum Theory in a Shoe String 2021 Mar 05 3 / 5



Quantum String

General Idea:

Classical Physics =⇒ Quantum Physics

No unique/nice approach
Classical Strings:

Energy - Momentum Tensor:

T∓∓ = −
(

2π
l

)2 ∞∑
n=−∞

Lne−2πinσ±/l

Also Hamiltonian

The Virasoro Modes (coefficient)

Ln =
1
2

∞∑
m=−∞

αµi α
ν
n−mηµν

Virasoro Algebra

{αµn , ανm} = −imδm+n,0η
µν

Quantum Strings: αi ’s are operators + ‘ghosts’
operators bi , ci ,

Energy - Momentum Tensor:

T∓∓ = −
(

2π
l

)2 ∞∑
n=−∞

Lne−2πinσ±/l

− i(2b∓∓∂∓c∓ + ∂∓b∓∓c∓)

Also Hamiltonian

The Virasoro Modes (operators)

Ln =
1
2

∞∑
m=−∞

αµi α
ν
n−mηµν

+
∞∑

m=−∞
(n −m) : bn+mc−m

Virasoro Algebra

[αn, αm] = mδm+n,0η
µν

Note: D = 26 if we want our theory to match our
reality!
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αµi α
ν
n−mηµν

+
∞∑

m=−∞
(n −m) : bn+mc−m

Virasoro Algebra

[αn, αm] = mδm+n,0η
µν

Note: D = 26 if we want our theory to match our
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Compactifications

QM is discrete.

No gravity, yet.

We live in 4 dimension.

How do we remedy this?

Use Compactification!

Data:

(M2, g) 2-Riemannian manifold

(M1,25, η) 26 dimensional Minkowski space

X : M2 7→ M1,25 an embedding

C : M1,25 → M1,3 × T

Results:
T is *really* small

Discrete quantity (half integer spin) from
winding number

4 ‘observable’ dimensions

Gravitons! (closed string)

Translation invariant in only 4 dimensions -
the others can do whatever
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