CLASSICAL MECHANICS TFY4345 - Solution Exercise Set 5

(1a) The position of particle 1 is x; = /;sin0; and y; =
l1 cos 01 whereas for particle 2 we have x, =1 sin0; 4+, sin0,
and y, = /1 cos 01 + [, cos 0;. Since the general expression for
kinetic energy is T = m;(i? +y?)/2, we then have L = T +
T2 — V] — V22

L= (m +mp)1307 /2 +myl363/2
+ m211129192 COS(91 — 92)
+ (my 4+ mp)gli cos0 +mygly cos ;. (1)

The Lagrange-equations for 61 and 0, then become:

(my +M2)llzé1 +mzl1lzé2 COS(91 —0y)
+ lellze% sin(0; —63)
+ (m1 erz)gl] sinf; =0 2)
and
mzlzéz + mﬂllzél COS(91 — 92)
— mzlllze% sin(61 — 92)

—|—m2gl2 sin6, =0 3)

(1b) If the masses and lengths are the same, in effect m; =

my =m and [; = [, = [, we obtain:

201 48, cos(6; — 0)

+63sin(0; —0,) +2(g/1)sin®; =0,
6, +6;cos(8; —6,)
—6%sin(0; — 0,) + (g/1)sin®; = 0. (4)

Assume that the amplitude of the angular displacements are
small so that 0; < 1. Approximating then sin6; ~ 6; and
cosO; ~ 1, we find

20; +6, + 20)(2)91 =0,

8, +6, + 036, =0. (5)
We defined @p = 1/g/!I. Use the ansatz 8; = A; cos ot to obtain

the following equation system:

(203 —20%)A] —@*A; =0 —0’A; + (0] — 0*)A; = 0.

(6)
To have a non-trivial solution, the determinant of this equa-
tion system has to vanish which gives the condition w* —

43 * + 203 = 0, with solutions ©? = (2 +v/2)®} and 03 =

(2—V2)@}.



