
Introdu
tion to String TheoryProf. Dr. L�ustSummer 2006Assignment # 1(Due May 8, 2006)1) Consider the a
tion of a massive relativisti
 point parti
le:S = �m
 Z �1�0 d�p� _x� _x�:a) Using x0 � 
t, show the equivalen
e of S to the a
tionŜ = Z t1t0 dtL(t) � �m
2 Z t1t0 dtr1� ~v2
2 ;where ~v = ~v(t) denotes the ordinary velo
ity of the parti
le withrespe
t to the physi
al time t.b) Verify that for small velo
ities, j~vj � 
, L(t) redu
es to thestandard form of a Lagrange fun
tion, i.e., kineti
 minus poten-tial energy. What plays the rôle of the potential energy in this
ase?2) The advantage of the a
tion S over the a
tion Ŝ is that ittreats time x0 and the spa
e 
oordinates ~x on an equal footing,making Poin
ar�e invarian
e manifest. This 
omes at the expenseof a new, unphysi
al, parameter, � . Verify that the 
ovarianta
tion S is indeed invariant under 
hanges of this unphysi
alparameter, i.e., under reparameterizations� �! ~� (�):1



3) Consider now the a
tionS 0 = 12 Z �1�0 d�(e�1 _x� _x� � em2
2):a) How does e have to transform under the reparameterization� �! ~�(�) in order to ensure the reparameterization invarian
eof S 0?b) Find the equation of motion for e by varying S 0. Insert theresulting equation into S 0 and verify that S 0 is 
lassi
ally equiv-alent to the a
tion S of Problem 1).
4) The Nambu-Goto a
tion of a one-dimensional obje
t is givenby: SNG = �T Z d�d�q� det(�aX��bX����):a) Che
k the invarian
e under Poin
ar�e transformations of the\target spa
e", i.e. underX 0�(�; �) = ���X�(�; �) + a�;where ��� denotes a 
onstant (pseudo-)orthogonal matrix withrespe
t to the metri
 ���, and a� is a 
onstant ve
tor.b) Show the invarian
e of SNG under arbitrary reparameteriza-tions of the worldsheet(�; �) �! (~�(�; �); ~�(�; �)):
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