
SOLUTIONS FINAL ADVANCED DYNAMICSPHY 4241 (Spring, 2010)PROBLEM 1See Homework 6 and L(qi + �i; _qi; t) = L(qi; _qi; t) implies0 = �L�qi = ddt �L� _qi ) pi = �L� _qi 
onserved (generalized momentum):PROBLEM 2The ele
tromagneti
 �eld tensor is given by Find (the Einstein summation 
onventionis assumed for identi
al indi
es):1. F �� = 0.2. (F��) = 0BBB� 0 +Ex +Ey +Ez�Ex 0 �Bz By�Ey Bz 0 �Bx�Ez �By Bx 0 1CCCA :3. F��F �� = 2 � ~B 2 � ~E 2�. PROBLEM 31. Yes, be
ause L does not depend expli
itly on time.2. ~R = m1~r1 +m2~r2m1 +m2 :The 
enter of mass frame is de�ned by ~R = 0.3. ~r1 � ~r2 + �m1 +m2m2 � ~R = +~r1 + m1m2~r1 = m1 +m2m2 ~r1 ;~r1 � ~r2 � �m1 +m2m1 � ~R = �~r2 � m2m1~r2 = m1 +m2m1 ~r2 ;Therefore, in the 
enter of mass frame~r1 = m2 ~rm1 +m2 and ~r2 = � m1 ~rm1 +m2 :The Lagrangian be
omesL = � _~r 2 � �j~rj with � = m1m2m1 +m2 redu
ed mass :



4. In spheri
al 
oordinates we haveL = 12 � _r2 + 12 � r2 � _�2 + sin2(�) _�2�� �j~rj :5. The Euler-Lagrange equations for the angles give0 = ddt �L� _� � �L�� = 2� r _r _� + � r2 ��� � sin(�) 
os(�) _� _�2� ;0 = ddt �L� _� � �L�� = ddt �12 � r2 sin2(�) _�� :From the last equation we �nd that angular momentum is 
onserved:L� = � r2 sin2(�) _� = 
onstant :6. Let _�(0) = 0 and � 6= 0; �. Then for all timessin2[�(t)℄ _�(t) = 0 ) _�(t) = 0 ) �(t) = 
onstant :The motion is in a plane.7. Yes, just 
hoose �̂(0) orthogonal to ~r(0)� _~r(0).


