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Before we start :

-you

"

Hahaha
, you just enrolled in

~

Maybe string theory as a theory of quertumgravity is

not experimentally tested/testable at the moment buta useless course because string theory
doesn't exist in reality it is much more than a try at a physical theory ,

it is

an extremely rich framework that has changed the

way we look at fundamental physics.

Referen: -Becker ,
Becher

,
Schwarz -- mast modern

- Zwiebach-- is a very simple introduction

- Green
,

Schwarz
,

Witten Imore difficult
- Polchinski
- David Tony's lecture notes Ja excellent

- Di Francesco
,

Séréchal
, Mathieu> 'Yellow pages Conformal FieldTheory



# : and ...

action !

#relativistic pointparde action
. Conventions : You =diag...)

D

String theory is a theory of extended objects : let us work our way up recursively on the dimension

with O-dim . Objects : point particles.

The action has to be a loventz invariant : all Loventz observers must agree on the value of
the action day the particle worldline (ligne d'univers) .

A simple quantity everyoneresor

is the proper time clapsed ,
i.e . the time measured by a -moving clock . Hence

,
we

guess"

aje
# Let us set c = 1

.
The NR limit is USS1 (Y(1) ·

afas-a) =(at
=> <fet1 -- + 6(v4)

rest mass

e
In the NR limit

,
the Lagrangian should be -m + Emil , i . e. x = - m

2 ↳ finetic energy

1
.

2
. a)

Take S'= -mJdt -

Unde (t),=d

dE

&MM
-> I in unchanged because ECT) is monotonic

.



6) If T can le changed to whatever
,

then time is not a physical degree of freedom,

Youdontau novintime,yatonoveintimeTisgageymmearformaism)

·mass-shell soustraint
1) Why do we arry a fabr degree of freedom ? If not

,
Loventz symmetry isnot so easily

apparent.

A lorentzf · tates XI- X+ M
.

Then
,

-o Yoyou = YX3y0
= Yer by def.

1. 3. This action is simple ,
but has downsides : - m=0 gives 50 - not suited for massless

-

- V is problematic for path integral quantisation
Fistead

,
use anciliary action

Saux
.

= -Jd(e = ya - mi)
We ampute the EOM :

Gaux = =(dz)-=SY -ms) - X
=

-me

=
Then

,

Saux=(d-m) = -mari



1. P
. a) Ascalarfield transforms XMCE) = X

*
IT)

.
Under --T= 5 - &(t) ,

we have

Xm (t) = Xm(t+y()) =
Xm(t) + g(t)Ym(t) + 6(g)

=
XM(t) + g(t) X m(z) + G(32)

->8Xm= g(t)YM(t)

6)
,

c)
, d) We write est= VE

-> Saux=(dt (E(G
*

GX +
2

=
X + m)

This is a theory of a scolar field X coupled to ave-dimensiond gravity .

Then,

- Gt(t) di =
ds"

= - Gi(t) del

i . e .
ell dT' = e(t) di .

Then
,

e'(t) = e(t) + g(t)e(t) + 0(y)
= e(t)d +() +G

- (se) + e(t) + 61) -belgeS

Then
,

under this time reparametrisation,

6 Saux=(d)-me
= o (chock for yourself ,

it is an integree felte) ...)

1
.

5
.

We fix e= 1
.

We aleady computed X2 +me=o -mass-shell condition

The other EOM is

·x Saux=(dt-é
+(g) Ex*

+ e=MY89pGX/ym Yv) + GygY3X o



You can chack that this is equivalent to the yeartic eg.

YmRo , withMgra /Ega +Onga-2)

#
.

The Namber-Goto action

We now want to describe strings,
i
.
e.

1-dim
. Objects. A point draws a woldline in spactims

and its length is the action. Strings describe waldsheets in spacelime ,
and we teke their area !

See exise notes for details. The Nambe-Goto action is

Sra = -Top with Gap the induced metric orthe woldsheet,
->spactime ordinates

GaGedsteet wadinatesG.
1

.

We have Get = EXMXp = Y,

Gou =(XI Geo = Gre =
X . X .

Then
,

the determinant yields

=-TSaoxx + (X - y)2

2. 2. For the sans nasous as for the point-particle action
, we want to work with an auxiliary action.

->

Such an action is given by the Polyahov action :

= -far eX2

a) To prove
classical equivalence, we compute the equations ofmotion.



6 =-arGXX
() - GapGXX 2XX

=> GaX
*

&pXm =GaGX* & Xp

->det/20x8x=2XOX

6) Trivia by definition .

23. a) We compute the momenta : Pr=-
&↑

6) For this parametrisation,
we have

Yo
=

R
,

y
=
y

= 0S
·

X= Ross
, Xi=Rand

*= -R
,
X"= R?

X
= o X . X

= 0
.

Then
,

P = Typ , PpV= -TXp

6) The equations of motion er given by GPp* + GrPp= 0
,

i
. e .

T /Xm-Xp")= 0
.

Since *
M

=o but

not Yo" ,
the EOMs ar not satisfied.

d) Nevertheless
,

consider

-
mass

P=T/ Yp - Po = E = TRdo = CART
,

then [T]= energy /length,
units of tension.



2.4
.

In orbitary dimension
,

we have the brane action
-

= -To Japo
Undu reparametrisations -- ElD

,
we have

,
with fap =C

Gap = CXYp=Y(f-
The Jadian is defined as J= detfp .

Then
,

det Gap =
J det /4 po OXX) ,

whichse

compensated by
dp+1 r = JdP

+18
.


