2/17/2024

Lecture
Introduction to Ensembles

M. Senthilvelan
Department of Nonlinear Dynamics
Bharathidasan University
Tiruchirappalli — 620 024.

E-mail id: senv0000@gmail.com
velan@cnld.bdu.ac.in



mailto:senv0000@gmail.com
mailto:velan@cnld.bdu.ac.in

Classical Mechanics: Some Basic Facts
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Newton’'s Second Law

One Particle - 1 Dimension

°

¥
y

Equation of Motion

d?x X
- =F|t,X, ax

dt dt

X(t) = f(t, C., C2) C; C, are constants
[.C Needed 2
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Solution




One Particle - 2 Dimension

°
'
Equation of Motion Y
dZX—F(t X, ¥, X, ¥)
dtz ] ] ] )
d?y
:G t1X1 1X1 .
Tz - XY, X y)
Solution

X(t) — fl (t’ C11 C2 y C3, C4) Cils are constants (4)
2/17/2024 y(t) — f2 (t1 Cl, C2 y C3, C4) [.C Needed 4



One Particle - 3 Dimension

Equation of Motion

d*x

:Ft1xl 121).(1.12
7 (t Xy Y, 2)
d°y
—=0G(t, X,V,Z X, V,2Z
dt; (t x,y Y, 2)
d“z
—:Ht1x1 121).(1.12
7 (t X,y Y, 2)
Solution

x(t) = f,(t,c,c,,c,,C,,Cs,Cp)

® y(t) = 1,(t,C;,C;,C4,C4, Cs, Cg)

2(0) = f,(t,€,,C;,C5, €, 5, )

c;’s are constants (6) [.C Needed 6
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Two Particles - 3 Dimension
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Equation of Motion 1st Particle
diz2 F(t X0 Y1020, X0, Y20 25, X0, Y10 24, X5, Y20 25)
d*y, o sy v
h dt? =F (6 X, Y1520, X5, Y20 25, %0, Y1, 25, X5, Y2, 25)
d®z, e
diz Fo(t X0 Y10 200 X5, Y20 250 X0, Y10 20, X5, Y20 25)
~ d®x, e e e
diz Fo (U X, Y1020, X5, Y20 250 %00 Y10 20, X5, Y20 25)

d? Do s e
) dtgz — F5(t, X1’ y1;211x2’ y2’22’X1’y1’Zl’X2’ yZ’ZZ)

2
Z v ° > ® L4 °
S dt22 — F (t1 Xl’ yl’ Z]_! X21 y21 221 Xl’ yl’ Zl’ X2, y2’ 22)
2nd Particle




Solution

X, =T, (t ¢, C,,C;5,C4,C5,C4,C7,Cq,Cg, €y, €14, Cy5)
y, =%,( c;,C,,C;5,C,,C5,C4,C7,Cg,Cq,Cy, Cy1,5Cop)
z, =T,;(t c,;,C,,C;5,C4,C5,C4,C;,Cq, Cg, Ci, €14, Cp5)
X, =1,(t C;,C,,C5,C4,C5,Cq,C7,Cg,Cy, Cy,Cys, Cy)
y, =T5(t, ¢;,C,,C5,C,,C5,Cq,C7,Cg,Cy, Cy, Cyp, Cy )

Z, :f6(t’ Cl’CZ’CS’C4’C5’C6’C7’C8’C9’C10’C11’C12)

c;’s are constants (12) I.C Needed 12



‘N’ Particles - 3 Dimension

d2F - ...
® m e F(t,r,r),1=12,..N
©e
o o
©
© O
o
O o
® O @ o
@) ®© O Total Number of Equations = 3N
Initial Conditions Needed = 6N

N is of the order of 10%
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% As the particles/systems increases, the complexity also

Increases.

« It is difficult to specity the Initial Conditions and hence

difficult to solve the Newton’s equations.

% At the quantum level, difficulties arise while solving the

Schrodinger equation in the N particle case.

** Need an alternate formalism.
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STATISTICAL MECHANICS

<* By describing the individual microscopic states of a
system and using statistical methods we derive the

macroscopic properties from them.

“* This approach received an additional impetus with the
development of gquantum theory which showed
explicitly how to describe the microscopic quantum

states.



