
FINAL ADVANCED DYNAMICS { PHY 4241 (Spring, 2010)PROBLEM 1 (30 points)Assume a Lagrangian L = L(fqig; f _qig; t) where qi; i = 1; : : : ; n are generalized 
oor-dinates, _qi; i = 1; : : : ; n are generalized velo
ities and t is the time.1. Write down the prin
iple of least a
tion.2. Derive the Euler-Lagrange equations from the prin
iple of least a
tion.3. Assume that the Lagrangian is invariant under translations qi ! q0i = qi + �i.Find the 
orresponding 
onserved quantities.PROBLEM 2 (30 points)The ele
tromagneti
 �eld tensor is given by(F ��) = 0BBB� 0 �Ex �Ey �EzEx 0 �Bz ByEy Bz 0 �BxEz �By Bx 0 1CCCA :Find (the Einstein summation 
onvention is assumed for identi
al indi
es):1. F ��.2. The matrix (F��).3. F��F ��. PROBLEM 3 (40 points)Let the intera
tion of two point parti
les be des
ribed by the LagrangianL = m12 _~r 21 + m22 _~r 22 � �j~r1 � ~r2j :1. Is the energy of this system 
onserved (with reason)?2. Write down the de�nition of the 
enter of mass ~R(t) of the system. How is the
enter of mass referen
e frame de�ned?3. Let ~r = ~r1�~r2. Express the Lagrangian in the 
enter of mass frame as fun
tionof the 
oordinate ~r and velo
ity _~r.4. Rewrite the resulting Lagrangian in spheri
al 
oordinates (polar angle �, az-imuth angle �, and magnitude r = j~rj).5. Write down the Euler-Lagrange equations for the two angles and identify a
onserved quantity.6. Find �(t) for the solution with the initial 
ondition _�(0) = 0 where � is theazimuth angle.7. Can one always �nd a 
oordinate system so that _�(0) = 0 holds?


