TFY4345 Classical Mechanics. Department of Physics, NTNU.

ASSIGNMENT 2

Question 1

Use Hamilton’s principle to show that the transformed Lagrangian

dF(q,t)
dt

L'(g,q,t) = L(q,4,t) +

where F'is an arbitrary function of ¢ and ¢, leads to the same equations of motion (the Lagrange equations)
as the original Lagrangian L(q, ¢,t). Hint: No variation in the end points.

Question 2

In Assignment 1, we derived the equations of motion for the double pendulum (see figure below):

(M1 + m2) 03By + malilafs cos(Br — Ba) + malilaf3 sin(By — Bo) + (my +ma)glisinBy = 0
mal3 B2 + malilafBr cos(Br — Ba) — malilef33 sin(By — B2) + maglosinfe = 0
Let m1 = mg = m, {1 = {5 = £, linearize the equations, use the ansatz 3; = A; coswt (i = 1,2) with constant

amplitudes A;, and find the two possible values of the frequency w. Finally, find the ratio A;/Ay (including
sign) for each oscillation mode.

Question 3

Use the Levi-Civita tensor and derive the following relations:
Vx(VxA) = V(V-A)-VA
1
Vx(VxV) = 5vv2—(V~V)V
V.- (AxB) = B-(VxA)—A-(VxB)

Question 4

Show that the shortest distance between two points in the plane is a straight line. Use cartesian coordinates
(z,y) or polar coordinates (r, ) — or do it both ways.



