
ADVANCED DYNAMICS | PHY 4241/5227HOME AND CLASS WORK { SET 3Solution for assignment 13: Double Pendulum.Derivation of the Lagrangian:x1 = l sin�y1 = l os �x2 = l sin�+ l sin y2 = l os �+ l os L = 12 ml � _x12 + _y12�+ 12 ml � _x22 + _y22��mg l (z1 + z2) + onst= 12 ml _�2 + 12 ml � _�2 + _ 2 + 2 _� _ os(��  )�+mg l (2 os �+ os )= ; m l � _�2 + 12 _ 2 + _� _ os(��  )�+mg l (2 os �+ os ) :Taylor expansion to seond order in �;  ; _� and _ givesL = ml � _�2 + 12 _ 2 + _� _ ��mg l ��2 + 12  2� + 3mg l :The Euler-Lagrange equation are then0 = ddt �L� _� � �L�� = 2 ��+ � + 2 gl �0 = ddt �L� _ � �L� = � + �� + gl  and in matrix notation� 2 11 1� � ��� �+ � 2g=l 00 g=l� � � � = 0 :This is solved by the exponential ansatz (physial is the real part of the solution):�(t) = � � � = ei ! t � �0 0 � ) � ��� � = �!2 ei ! t � �0 0 ���2!2 + 2g=l �!2�!2 �!2 + g=l� � � � = 0 :0 = det �����2!2 + 2g=l �!2�!2 �!2 + g=l ���� = !4 � 4gl !2 + 2g2l2with eigenmodes !� = rgl q2�p2 :


