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Consider 1D periodic choin of mosses on the spring
Find dispension relation and speed of sound.
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MX = -2)2X:
- Xive-Xite)

Postulate solution in separated form :

Xi = RiT(t)

m R: TH) = - xTH) (2Ri-Rin-Rite)) : TRim

= -Ei(CRi-Rive-Rite)

LHS dependent only on time

RHS dependent only on position

= -w = - (2Ri-Rive-Rite)

SinBei

-w = - (2R :
- Rin-Rite)

moRi = 1(2Ri-Rivn-Rite)

We look for solution in the farm

Ri = Xi

max" = x(2X" - Xi v - xi )
max = x(2x - 1 + x)



x + (2x - mi)X - 1 = 0

From Victo formula : X
- Xz = 1

thus roots are to andXo" so

Rj = Ax + By

Now use PBC Ritu = Ri

Axi
+ V

+ By V

= Ax + BX

Ax(x - 1) = ByN(x - 1)

(x - 1)(Ax] - Bx ) = 0

(x. - 1)x5(A - By
* ) = 0

1
°

x5 = 1 20 % = 0

1 = gikan ↓ Rj = 0 or a

zo
kin nez BX-

V

= A V&

↓ A
,

B are constant
↑

- 2s - N

Xo is a function of j
There is no A + 0 B = 0

that fullfill such condition

So findly Rj = A Likas + Beikaj



m Rj = x (2Rj-Rin-Rive)

ma/Aeiki-Be-ibes) = e[2)Aeikri + Beihai)

- Lethaliehalite)
- Lethalieli))

ma/Aeiki-Be-ibes) = e[2)Aeikri + Beihai)

- (Aeikai + Berkaj) zike

I
- (Aeika-Berhai) eihe]

ma = xe(2-eibe-eida]

mo = xe(2-2c(bal] \2s2x = 1-Zeinx

m w = 2x[1 - 1 + Zeini)]

mo
2

= [se sin ? ( E )

- =ein())·
a

Because for shifted k + = k

we get the some result we constrin our consideration to [,]

Important corret !

For even N med-E-1
,
..., 3

For cold N med-( Il A



6) Calculate speed of sound

For XX2a = i) ko

2L(k =/ Linear dispassion-morless
,

meclear

Speed of If dispension is guadratic - massive
,

particle-likesound

on k

By sound we mean long-range ocillations

ja

..................um
X

In this
regime neighboring particle as not significantly different

so :

Mj =1
= u(x = a) = u(x) = a2xa +

↑
make it antinous

Come luce to e . 0
.

m.

m Gu = x(vi + -2nj +
uj - 1) = xa 2u

Gin =
v

= &Xu} Wer equation

v =

In this regime dynamic is effectively wore-like



2. Discrete Fornier Junsform

ui= uneRi Ri = ja

a) Find values ofh from periodic condition Min
= e ;

ik anMin-usekalitv) _a une,
1

ikaN
= 1

R

kn= n

6) Find inversed threfontion

ui = I une
iRi ) . jik'Ri

↑ givRiu; = &unei-mRi12

ZeitRivi-2 un_ hRiNSun

-
1 - ei(k

- k)a

(1 - ai2+ (n - 1)
=

1

1 - ei(n - 1)
= 0



C) u ;
is real

.

What is condition on up
to fullfill this ?

uj =

nj = vikin = un niken

II
V

↑ Zeikinem minin

u
z

= un


