CLASSICAL MECHANICS TFY4345 - Exercise 2

(1a) Show by direct substitution that

dF(q,t)
dt

L'(q,4,t) = L(g,4,t) + (1)

where F is an arbitrary function leads to the same Lagrangian
equation as L(q,q,t).

(1b) Use the Levi-Civita tensor to prove the following vector-
relations:

Vx(VxA)=V(V-A)—V?A,

VX(VXV):%V\/Z—(V-V)V,

V.(AxB)=B-(VxA)—A-(VxB) 2)
where v = |v|.

(1c) A particle with mass m moves with low velocity X = v.

The frictional force is Fy = —dF /dv, where ¥ is Rayleigh’s
dissipation function. Show that if # o 12, the viscous energy
loss Wy per unit time can be written as Wy = 2. Assume
that the particle is a damped oscillator with centre in the ori-
gin. The spring constant is k. Assume also that F = 3muav?
where u is the dynamic viscosity and a is the particle radius.
Start from Lagrange’s equation and show that the equation of
motion can be written as:

K -+ 20k 4 wfx = 0. (3)
Express A and ® in terms of the above constants. Solve the

equation for x(¢) assuming that ¥(0) = 0 when A/®y < 1 and
show that one approximately has

Wy = mA(woxo)?e M. @)



