T Professor Academy

PG TRB Mathematics

Unit VIII — Classical Mechanics & Numerical Analysis

Covers key formulations: Lagrangian, Hamiltonian, Poisson Brackets, and numerical methods
(Newton-Raphson, RK4, Interpolation, Gauss Elimination, Hermite, Picard, Modified Euler).

@ Review: 10 min

Classical Mechanics

@ Differential Forms: p;dq; — Hdt is
invariant under canonical transforma-
tions.
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2 1. Generalized Coordinates & Lagrange’s Equations
B Lagrangian: L=T -V
@ Lagrange’s Equations:
d (0L oL 0
dt \ 9g; oqi
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%" 2. Hamilton’s Canonical Equations
B Hamiltonian: H = ", p;g; — L, where p; = g—é
® Hamilton’s Equations:
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8ld 3. Hamilton’s Principle & Least OO0 5. Poisson Brackets
Action B Definition:
B Action Integral: 9AOB AR
A, B} = — —
to {4, B} Z <8q¢ dpi  Op; 3%‘)
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@ Time Evolution:
B Principle of Least Action: 5 =0
dA 0A
- / — ={AH} + —
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4. Canonical Transformations
‘ ‘ _ B Lagrange Brackets: [g;,q;] = 0,
B Using generating function Fi(q,Q,1): g, 5] = 6ij, [Pisps] =0
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Numerical Analysis
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B 1. Numerical Solutions of Equations

B Method of Iteration: x,1 = g(x,)

@ Newton—Raphson:
f(zn)

Tt = T )
n

B Rate of Convergence: p if lim,,_o |Te"+‘;| =C

N\ J

( N
2 2. Linear Algebraic Equations

B Gauss Elimination: Transform to upper triangular form and back-substitute.

B Gauss—Seidel:

y_ 1 ZH ( Z" (
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7 = =
j=1 j=i+1

4 p\
%"t 3. Interpolation

@ Lagrange Form:

n
r — T4
A => w20
; = 3 7
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@ Hermite Interpolation: Uses both function values and derivatives.

@ Cubic Spline:

SZ(SC) =a; + bi(x — xz) + Ci(x — xi)2 + di(I — xi)?’
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I 4. Numerical Differentiation

@ Forward Difference:

@ Finite Differences: Af(z) = f(z + h) — f(2)
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. 5. Numerical Integration

® Trapezoidal Rule:

n—1

b
[ t@don 3 | 1@+ 23 £ + £0)
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@ Simpson’s 1/3 Rule:

b
/a f(x)dx ~ g

Fla)+4> " fla)+2 ) fla)+ f(b)
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fIr 6. Numerical Solutions of ODEs

@ Picard Method: Iterative integral approximation.

@ Euler’s Method:
Yn+1 = Yn + hf(frn7 yn)

@ Modified Euler Method:
h
Yn+1 = Yn + §[f($na Yn) + f(@n + Ry yn + hf (20, yn))]
@ Runge-Kutta 4th Order:

1
Ynt+l = Yn + g(kl + 2ky + 2ks + ka)

where
kl = hf(xnayn)’
h k
kZth <‘T’n+2uyn+21)7
h ko
kg—hf <$n+2,yn+2);
ko = hf(zn + h,yn +k3)
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© Note: This sheet consolidates all essential Classical Mechanics and Numerical Analysis
equations for PG TRB. Focus on the derivations of Hamilton’s equations, properties of
Poisson brackets, and convergence criteria in numerical methods. Please go through the
above formulae. All other model problems have been explained in detail in the class videos
and provided class materials.
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