TFY4345 Classical Mechanics. Department of Physics, NTNU.

SOLUTION ASSIGNMENT 1

Question 1

L' and L are equivalent provided
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In other words, L’ and L are equivalent.

Question 2

(a) z ={sinf, y = —Lcos 3

(b) Potential: V = mgy = —mglcos (. Kinetic energy: T = (m/2)(i? + 42). Here, & = ¢S cos and
y = {Bsin B, hence T = (m/2)(£B)?. Lagrangian: L =T —V = (m/2)({5)? + mgl cos 5.

(c) The Lagrange equation is
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Thus, )
ml%5 + mglsin § = 0
or

B+%sinﬁ:0.

The same as derived with Newton’s 2. law (N2), of course.



Question 3

(a) We see from the figure:

r1r = fl sinﬁl
y1 = —Ai1cosfy
To = {ysin By + fosin Py
yog = —{1cosB1 — o cos B
For m;:
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Vo = —mag (f1cos B+ lacos fa)

Here, we used cos (31 cos B2 + sin 31 sin 53 = cos(f1 — B2). The Lagrangian:
L = T1+Th -V -V,
= ;(ml +ma) 337 + 1m2€ 563 + mal10231 32 cos(B1 — Ba)
+  (m1 + ma)gli cos 51 + magls cos B2

(b) Lagrange equations:
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We need to differentiate the expression for L found in task (a). Starting with 1, we calculate
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= (m1 +m2)l§B1 + malilafa cos(B1 — B2) — malilafs (51 - 52) sin(f1 — B2),
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The procedure is exactly the same for fo, but we find slightly different terms:
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= mal3fs +malilaf cos(B1 — Ba) — malilafy (51 - 52) sin(81 — B2),
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Terms with Bl Bg cancel, and the resulting coupled equations of motion are:

(my + ma) 0231 + malilefla cos(Br — Ba) + malilaffa sin(By — B2) + (m1 4+ ma)glysin By =
mal3Bs + malilaf3y cos(B1 — B2) — malilafisin(By — B2) + maglosin By =

In the second equation, a common factor mofs may be cancelled.



