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Clear["Global" " :

Example5. Let’s consider a model of a linear triatomic molecule in which we approximate
the forces between the atoms by forces due to springs (Figure 12.2).

m k M k m
X —> y— i—>

Figure 12.2

Follow example

1 1
- pot =+—k(x-y)?+—k(y-2z)> /I Simplify
2 2

1
outf «» |- ; k ((X - Y)z + (y - Z)z)

- - pot Il Expand /I Factor

1
o - —k(x*-2xy+2y*-2yz+2z?)
2

n - - {D[pot, x], D[pot, y], D[pot, z]}

1
our - {k (x=y), SkE2x-ye2(-2), -k(y-2)}

m- - eqs = —{D[pot, x], D[pot, y], D[pot, z]} == -{m w2 x, Mw2 y, mw2 2z} // Thread;
eqs /Il Expand /| TableForm
out[ « J/TableForm=
-kx+ky==-mx w2
kx-2ky+kz=-My w2
ky-kz==-mzw2

-1 -1
n- - eqs = — {D[pot, x], D[pot, y], D[pot, z]} == — {mw2 x, Mw2 y, mw2 z} // Thread ;
k k

eqs /Il Expand /| TableForm

Outf » }/TableForm=

. mXx w2

—X 4y == -
My w2

k

X=-2Yy+2Z==-

mz w2

y—Z::— "
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eqsl[2]]
n- - eqs[[2]] = ——— Il Thread[&, Equal] & // Expand
M/m
mx 2my mz my w2
Out[+ | — = + — == -
M M M k

- - eqs Il Expand // TableForm

Outf » }/TableForm=

. mx w2
-X+Yy == "
M_Zmy+£___myw2
M M M k
y-z== _msz

m
woemat={{-1, 1, 0, =41, -2, 1}, {0, 1, -1}};
M

mat // MatrixForm

Out[ « J/MatrixForm=

-1 1 0
m 2m m
W
(0] 1 -1

m- - lam = ADiagonalMatrix [{1, 1, 1}];
lam // MatrixForm

outf « J/MatrixForm=
A O O
0 A 0O
0 0 A

m- - mat - lam // MatrixForm

Outf » }/MatrixForm=

-1-A 1 (0]
m _2_'“_/\ m
M M M
0] 1 -1-A

m- - eq0 = mat - lam // Det /I Factor
Al+A)(2m+M+MA)

Outl » ]= =

M
m-1- sol = Solve[eq® == 0, A] // Simplify

ouf + - {{/\ - -1}, (A~ 0}, {A »>-1- zM_m}}

Find Eigenvectors: A ={1,2,3}

m- - eval = Eigenvalues [mat] // Simplify

2m

outf « J- {0, -1-—, —l}
M
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- emat = Eigenvectors [mat]

- {{1, 1, 1}, {1, -

1= sol

2m

- {{A—)—l}, A5 0, {,\_>_1_

Find first eigenvector

- vec ={X, y, z};

2m

—}

-, 1}, -1, 0, 1}}

eql = mat.vec == Avec /. sol[[1]] // Thread

- {—x+y== -X,

mx 2m

M M

y

mz

M

- soll = Solve[eql, {x, y, z}]

- Solve :

F{y >0, z->-x}}

Find second eigenvector

- vec = {x, y, z};

Equations may not give solutions for all "solve

+—::—y, y—Z::—Z}

" variables .

eq2 = mat.vec == Avec /. sol[[2]] // Thread /I Simplify

ey,

—
i

- Solve :

mx-2y+2z)

M

Ay » %, z > x}

Find third eigenvector

- vec = {x, y, z};

== ,y::z}

- sol2 = Solve[eq2[[{1, 2}II, {X, Y, 2z}]

eq3 = mat.vec == Avec /. sol[[3]] // Thread

2m

. {_x+y== (-1— T)X’

- Solve[eq3, {x, ¥, z}]

- Solve :

-

2mx

M

, 25 x}}

m X

M

2my

M

mz
+ — ==

M

|

2m
-1- —
M

Equations may not give solutions for all "solve " variables .

)y,y—z::(_l_

Equations may not give solutions for all "solve " variables .
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- - Clear["Global’ *'"]

Example7. Find the characteristic frequencies and the characteristic modes of vibration
for the system of masses and springs shown in Figure 12.3, where the motion is
along a vertical line.

Follow example

- - tmat = {{4, 0}, {0, 1}};
tmat // MatrixForm

Out[ « J/MatrixForm=
(5 1)
01
- - vmat = {{4, -1}, {-1, 1}};

vmat // MatrixForm

Out[ « J/MatrixForm=
(27
-1 1
n - - tinv = Inverse[tmat];

tinv /l MatrixForm

Out[ « J/MatrixForm=
1
[ o ]
4
0 1
m- = tv = tinv.vmat;

tv // MatrixForm

Outf » J/MatrixForm=
4
-1 1
n - - Eigensystem [tv]

R (ST I (A R )}



Change variables

m - - change = {{%, 0}, {0, 1}};

change /I MatrixForm

Outf » J/MatrixForm=
1
= 0]
2
0 1

mn- - mat2 = change .vmat .change
mat2 // MatrixForm

Out[ « J/MatrixForm=
1 -
2
E
2
n - - Eigensystem [mat2]

oo & {{z %} (-1, 13, (1, 1}

n- - evecs = Normalize /@ Eigenvectors [mat2]

1 1 1 1

i FH e )

- - Transpose [evecs].evecs /I MatrixForm

Out[ « J/MatrixForm=

(03]
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