
5/2/12 Lecture outline

⋆ Reading: Zwiebach chapter 7, 8, 9.

• Last time: pick gauge

τ = t, define ds ≡ |d ~X|t=const, and choose σ such that

∂σ ~X · ∂τ ~X = 0 and dσ =
ds

√

1− v2
⊥
/c2

=
dE

T0
.

(Using H =
∫

T0ds/
√

1− v2
⊥
/c2 and ∂t(ds/

√

1− v2
⊥
/c2) = 0.) The last equation above is

equivalent to (∂σ ~X)2 + c−2(∂t ~X)2 = 1. Summarizing, we have

Ẋ ·X ′ = 0 Ẋ2 +X ′2 = 0. (1)

With this worldsheet gauge choice,

Pτµ =
T0

c2
∂tX

µ =
T 0

c2
(c, ~v⊥), Pσ,µ = −T0∂σX

µ = (0,−T0∂σ ~X).

We can write this as

Pτµ =
1

2πα′
Ẋµ Pσµ = −

c2

2πα′
Xµ′

, (2)

and then the EOM is simply a wave equation:

(∂2
τ − c2∂2

σ)X
µ = 0. (3)

• Solution of the EOM for open string with free BCs: ~X(t, σ) = 1
2 (

~F (ct+σ)+ ~F (ct−σ))

where the open string has σ ∈ [0, σ1] and (1) implies that |d
~F (u)
du

|2 = 1, and ~X ′|ends = 0

implies ~F (u + 2σ1) = ~F (u) + 2σ1~v0/c. Note ~F (u) is the position of the σ = 0 end at

time u/c. Then show that ~v0 is the average velocity of any point σ on the string over

time interval 2σ1/c. Example from book: ~X(t, σ = 0) = ℓ
2
(cosωt, sinωt). Find ~F (u) =

σ1

π
(cosπu/σ1, sinπu/σ1), giving ~X(t, σ) = σ1

π
cos(πσ/σ1)(cos(πct/σ1), sin(πct/σ1)).
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