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This lecture was given on Nov 12th.

I. N-COUPLED PARTICLES

The Lagrangian of N coupled particle is
Y om K
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Here we set 2o=0 and =y 11=(N +1)l. The equilibrium point is zy=Fkl. Here k=0,1,2,..N+1.

Therefore we set qp=x, — kl. The Lagrangian becomes
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Of course go=qn+1=0. The equations of motion are

MG; = K¢i—1 — 2Kq; + KQit1-

i runs from 1 to N. To obtain the normal mode, we assume that ¢;=A;e™*. Then we have

the following equations,

/iAifl + TAi + :‘iAZ'Jrl =0.

Here 7=mw? — 2x. One may think that it should first obtain the characteristic frequency
then obtain the relations between A;. However here we provide an alternative way to solve

this problem. The trick is to rewrite the equations as follows,
k(A1 + ad;) = B(A; + aAiyq).
It is straightforward to get those relations,
ak — =71, —af = k.

Then the particular combination of the two terms can be written as follows,

B = A+ adAiy = (g) ad; = (—a)ad,.



By simply algebra one can obtain A; from B;’s,

k=i—1 k=i—1 k=i—1 Q2 _ g,
(—a)* By = (—a)f(—a)fad, = Z oA, = (—1) .

Hence we have the following result:
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Assume 7 < 0. Set a=— cosy — isiny=—e", B=re~*’. Then 7=—2k cosy. Therefore
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An41=0. Therefore sin(N 4 1)y=0. It is easy to find that y= NL Here k=1,2...N. The

remain step is to determine the values of w?. Remember that

2k(1 — 4
mw2—2m:7':—2f£cosv.—>w2:—( cos) L2t = =42,/ Zsin 2.
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Therefore we reach the conclusion that when the k-th normal mode is the mode correspond-

ing to wp= 42,/ sin ( N+1)> If we choose its A; as sin ( then we have

N+1)
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