CHAPTER VI
DISCUSSIONS AND CONCLUSIONS

From Chapter V, when the sinusoidally varying force is applied into the semi-
infinite diatomic linear chain, it vields two coupled response functions,y; and 3. When
we have plotted the graphs( these have been shown in Fig. 5.2.3, 5.2.4) in the last

Chapter. The graphs are plotted together as Fig. 6.1.
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Fig. 6.1 The Real and the Imaginary parts of %; and x>

In Figure 6.1, the imaginary parts of y; and ¥, are equal. They have two ranges

for the imaginary part equal to zero. When the response functions are maximum, they

mean that the chain has a maximum response. Similarly, the response functions are

minimum, they mean that the chain has a minimum response.
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Ato =, = 5.160x10" 5™, the response function of mass my, 3 , is minimum

but the response function of mass m,, ¥, , is maximum. They mean the masses m, are

moving while the masses m; are almost at rest.

Ato =, %~ 6.415x10" g7, the responsc function of mass m,, , , is minimum
but the response function of mass m;, % , is maximum. They mean the masses m; are

moving while the masses m, are almost at rest.

At ® = oy = 8.230x10” 57 , the response function of mass m;, ¥z , and the
response function of mass m,, y, , are maximum. They mean the masses m, and the
masscsm;arcmovingbmth:mass&sm;ammoving_moreﬂ:anandﬂww’braﬁonsm

out of phase .

From Chapter HII, Bloch Function, and Fig. 3.2.2 ,we get that we have two

regions are inside the band (0.<®0 < Opn a0d 0 <0 <.).

If 0.0 <®.20d © > Buy, they are outside the band. From Eq.(3.2.82),(3.2.9

a), and (3.2.9b)

e
+
|

A= 2C(my+m;)/ mym; = @ e , (3.2.8a)
o’ = 2C/m, , (3.2.92)
o*. = 2C/m;,. (3.2.9b)

We can calculated the values of that
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Ouar = 8.2349x10" 57,
0. = 64138x10" s,
o. = 5.1648x10" s,

Hence the frequencies at the maximum and the minimum of the response function
method in Fig. 6.1 are almost equal to the frequencies at the maximum and the
minimum of the Bloch function method in Fig. 3.2.2. Hence, 0. = 0, 0+ % 02 , Gmux ™

®;. Hence the region between @< <wzand ® > o; are outside the band.

(Im(x:(®)) and Im(xx(®)) are equal to zero).

Then we can consider the forbidden gap in the response function method from the
imaginary part of the response function. Hence if the imaginary part of the response

function is equal to zero, it is a forbidden gap.

This is difference from the Bloch function method. The forbidden gap in the Bloch

function method is considered from the frequency.
We have plotted the graphs between the recursion relations( Eq.(5.1.3) and

Eq(5.1.6))and o (these have been shown in Fig. 5.3.1) together as Fig. 6.2

Buae(®)  __ z(0)C
Y2001 (@) 2. (2)C -’ (5.1.3)
o0u(®)  _  2i(@)C . e

8,10, (®) 2(2)C -0’




76

ullo,n ((l)) .
U (@) 7 \ 7

ull an (m)

] 1 1 1 i i ] ]
2107 -e10P el el 0 210" 107 gopor ser0l3

Fig. 6.2 The Recursion Relations of 3; and 2.

we can consider the motions of the chain and we get the reason to support the

conclusion before. Hence, in Fig. 6.2 we can consider(only real part) in two cases

(inside the band).
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First; at 0<| o < @1 ; W10.4(0} U0 01(®) ANA U0.(@)he10() are larger than zero which
they mean that the motions in neighboring masses have the same direction. This is

shown in Fig. 6.3,
- - - - - —>
Fig. 6.3 The Motion at 0<|al < a,.

Note that, when || — o then Ui0.a(00 V20 0 1(®@) >> Ug2o (@M h10{®) It means
that the motions of the masses m; are almost rest with respect to m,_ This is shown in

Fig 6.4,
- - -
Fig. 6.4 The Motion when | al — ;.

Secondly;at @2 < |l < @3 ; Wi0s(@NU2021(0) 8D U (@)/utgro (@) are smaller than
zero which they mean that the motions in neighboring masses have the opposite

direction, This is shown in Fig. 6.5,
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Fig. 6.5 The Motion at &, <| al < s,
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Note that, when o] — @ then uge 20 Uaz0.01(0) << Uaz0 (0 Wuy10,4(00) It means
that the motions of the masses m, are almost rest with respect to m,. This is shown in

Fig 6.6,
« «— e
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Fig. 6.6 The Motion when | al — a».

Then we can consider the motions of the semi-infinite diatomic linear chain
by the response function method which we get the modes of vibrations as the same as

the consideration by the Bloch function method.

The Bloch function method is difference from the response function method in
such a way that we can solve the problems by the response function method when the
sinusoi'dally varying force is applied. But if the force is not applied, we can solve the

problems by the Bloch function method.

We can consider the energy transport in the chain from energy fluxes which is

determined from the respdnse functions.

The energy flux in s1,n th mass(Eq.(5.4.1.5)) is consisted of terms of the real part

and the imaginary part of x1(©) and x(®),

Eram(t)= 22 T;"l’f'z "").[sinzane(x,)-coszmm(x, )

- . (54.1.5)
B’ exp(~2
_o T;‘PIS ") fsin 2B Re(x,) - cos 2BIm(x, )]
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We find that if the energy flux is negative, It means that the motion does not transport

energy. Then the energy transport is occurred when the energy flux is positive.

Similarly, The energy flux in s2,n th mass(Eq.(5.4.2.5)) is consisted of terms of
the real part and the imaginary part of y;(®) and y;(®).
-’ A’ exp(=2[n+1]y)
2
lel

[sin 23 Re(y,)—cos 2P Im(x ;)]

Erzm(t)= [sin 28 Re(x,) ~cos 2P Im(x,,)

. (54.25
. o’B’ exp(—2ny) ( )

llez

We find that if the energy flux is negative, It means that the motion does not transport

energy. Then the energy transport is occurred when the energy flux is positive.

Finally, it can be concluded that the m@m function method can be determined
the frequencies which are inside the band as same as the Bloch function method; and
we can find the motions in the ch'ain in the both cases. We can find the energy
transport in the chain from the response function but in the Bloch function method,

the energy transport is not mentioned, -

Some part of this thesis (section 5.2) were presented in the 22 nd Congress on
Science and Technology of Thailand , Bangkok Convention Center, The Central Plaza

Ledprao, Bangkok.
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