Lecture 10 8.251 Spring 2007

Lecture 10 - Topics

e Relativistic strings: Nambu-Gotto action, equations of motion and bound-
ary conditions

Reading: Section 6.1 - 6.5

S o world-sheet area (A)
Units of const. of proportionality

[S] = [[ dtL] = Energy x time = %ﬁ
[World Sheet Area] = L2

[Const. of Proportionality] = %

Recall for tension Ty: [Tp] = [Force] = M. [T"} = 2. So let Ty/c be constant

of proportionality for S oc A.

Nambu-Gotto Action
S:—E/nw/QMJway_dwxw
Ti 0

c

where X = aj(:. X' = %. The two tangents to the surface.

This defines the dynamics of the string.
World sheet metric: Let ¢! =7, (2 =0.
Distance between 2 points on the worldsheet:
—dz? = dX"dX, = n,dX"dX"
oXH XV

BN
= Yap(C)dC dC”

d¢ede?

— oOXH dX"”
Where ’Yaﬂ = n#UWW

X2 Xx'
Yap = XX/ (X/)Q

String world-sheet metric. All signs from the 7 are in the X’s. So:



Lecture 10 8.251 Spring 2007

S:—%//deJ\/TW

where v = det(vq3). Lorentz invar., reparam invar.

Tf o1 .
X:/ dT/ doL(XH, X'H)
Ti 0

Lagrangian Density:

£0XH, XM = 00X = (0202
C
65=0
Tf (o) L
55 = / dr / do| (2E) (2OXE) (9L ) (90XT)
. 0 oxXn or oXHm do
. oxXH
-
06X ) o
Define:
oL . T (X X)X - (X)X,

oxr e Jok xo - (e

oL T (XXX, — (XX
oxm THh o ¢ A
Things will simplify soon.
So:
0 0 oP],  OP;
_ 7 DT . wpoy I 123 M

08 //dea[aT(5X P+ 80(5X Py)—6X (787' +780' )

08 =0so ...

opP;,  OP;
=0
or do

For open strings:

Tf 1 o
/ Ar{5X°(r, 1) P (7, 00) =6 X°(r, 0)PF (7, 00) +6X (v, Py o) =X (HOPH (o) o

(3

2D Constraints.
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For most, get choice as to how the term vanishes since product of 2 terms (so
either can be 0).

For 1 # O:

1. Dirichlet BCs: X*(1,0,) =constant, 0 X*(7,0.) =0 (for o, =0 or o1)
2. Free BCs: P7(7,0.) =0 for o, = 0 or o7y.

For p = 0:

1. 8XY/97 < 0 can’t have Dirichlet.
2. Free BCs. P§(r,0) = Pf(r,01) = 0.



