
String Theory

Exercise 3.1:

a) Show that the following open string state is null

|ϕ >= L−1|χ0 > , where Lm|χ0 >= 0; αµ
m|χ0 >= 0 ∀m > 0 and (L0−a+1)|χ0 >= L0|χ0 >= 0

b) What are the conditions on aµ and ãµ such that the following closed string state is
null

|ϕ >= (aµ α
µ
−1L̃−1 + ãµ α̃

µ
−1L−1)|χ0 >

where |χ0 > satisfies the conditions above, both on the left moving and the right-moving
sectors.

Exercise 3.2:

Show that the following state is spurious

|ψ >=
∞∑
n=1

L−n|χn >

where |χn > is an eigenstate of L0 with eigenvalue a− n

Exercise 3.3:

Consider an open string state of the form

|ϕ >= eµ
(
Aαµ

−2 +B α0 · α−1α
µ
−1

)
|0, k >

where A and B are constants. Determine the conditions on A,B and eµ so that |ϕ >
satisfies the physical-state conditions. Compute its norm.

Exercise 3.4:

Consider an open string state of the form

|ϕ >=
(
Aα−1 · α−1 +B α0 · α−2 + C (α0 · α−1)

2
)
|0, k >

where A,B and C are constants. Determine the conditions on A,B,C so that |ϕ >
satisfies the physical-state conditions. Compute its norm.

Exercise 3.5:

Construct the spectrum of the open string at level N = 2. Do it first by constructing
the possible states, and demanding the physical-state conditions. What is this state in
terms of representations of SO(D − 1)? Redo the exercise but now in light cone gauge.
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Exercise 3.6:

Construct the spectrum of the open string in light-cone gauge at level N = 3. How
many states are there in terms of D? See what this number can come from in terms of
representations of SO(D − 1). What would be the corresponding physical states?

2


