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ordan
e with Noether's theorem, we derive momentum 
onservation fromtranslation invarian
eÆx L = 0 ; Æy L = 0 and Æz L = 0 : (1)Using the de�nitions of the variations and the Euler-Lagrange equations, we �nd fora n parti
le system (note that the displa
ements agree for all parti
les)0 = Æx L = nXi=1 �L�xi Æx , 0 = nXi=1 �L�xi = nXi=1 ddt �L� _xi = nXi=1 _pxi , nXi=1 pxi = 
onstant ; (2)0 = Æy L = nXi=1 �L�yi Æy , 0 = nXi=1 �L�yi = nXi=1 ddt �L� _yi = nXi=1 _pyi , nXi=1 pyi = 
onstant ; (3)0 = Æz L = nXi=1 �L�zi Æz , 0 = nXi=1 �L�zi = nXi=1 ddt �L� _zi = nXi=1 _pzi , nXi=1 pzi = 
onstant : (4)In ve
tor notation the result reads~P = nXi=1 ~p = 
onstant : (5)Angular MomentumThe total angular momentum of a system is~L = Xj ~rj � ~pj (6)where the sum of over point parti
les. We now 
onsider an in�nitesimal rotations byan angle �: Æ~rj = Æ~�� ~rj ; Æ _~rj = Æ~�� _~rj : (7)For example, if this rotation is about the z axis jÆ~rjj = jÆ� rj sin(�)j holds. The
omponents of the rotations (7) areÆxij and Æ _xij ; (8)where i = 1; 2; 3 labels the 
oordinates and j = 1; : : : ; n the parti
les. Assumingsymmetry of the Lagrangian under the rotation, we have0 = Xj (Xi �L�xij Æxij +Xi �L� _xij Æ _xij) (9)



Using the de�nition of the genralized momentum and Euler-Lagrange equations, thisreads 0 = Xj (Xi _pij Æxij +Xi pij Æ _xij) = Xj n _~pj � Æ~rj + ~pj � Æ _~rjo : (10)Inserting the de�nitions (7)0 = Xj n _~pj � (Æ~�� ~rj) + ~pj � (Æ~�� _~rj)o (11)and we want to pull out the Æ~� rotations as they are the same for all parti
les:0 = Xj nÆ~� � (~rj � _p)j) + Æ~� � ( _~rj � ~pj)o = Æ~� ddt Xj (~rj � ~pj) (12), Xj (~rj � ~pj) = ~L = Constant : (13)


