





























































































































8.1
8.2 Cyclic coordinates and conservation theorems
o ermqj.dmuotmtk.org rangian

constant conjugate momentum

PR
GC and GM generalized momenta or CM conjugatemomenta

ypi q.ge tL G a

Substituting in LEs

pi I G141Toti

Hamiltonian H qit 8.15

which had a differential lt Efi p
DH of dpi pidgin dt 8.16

8.141 8.16

15 Idhoti09
a cyclic coordinate also absent from H
Note It differs from L only by p f which
does not involve qi explicitly

If a GC does not appear in H
conjugate momentum conserved

Momentum conservation theorems canbe transferred to theHamiltonian formalism
bysubstitution of H for L
































































































































89k
Connection bro the invariance and symmetry properties
of the physical system and the constants of the motion
can be derived in terms of H
Discussion of h energy function section2.71
or If L and thus It 8.15 is not an explicit function of
time
then H constant of motion
0A can be seen from

g Okapi canonical equations of
p 9 Hamilton

Ot

by writing the total time derivative of H

out
q
d9i t ftp.ydpittft dtH H pi.q.gt

dat 8 Ii t ftp.P.it s

PTiitftii E
at

K 8.44
at

If it doesn't appear explicitly in L it will also
not be present in H H constant in time
































































































































8.3
Recall if the equi's of transformation that define
the Gcs

Fm Fm ga qu t 9.381
do not depend explicitly on time and
if the potential is velocity independent
then H T t V is the total energy
Note that identification of It

as a constant of the motionamid
on the total energy are two separatematters

Hamiltonian depends both in magnitude and in functional
form upon the initial chime of Gcs
Lagrangian specific prescription L T V

change of Gcs may change the functional appearance
of L but not its magnitude
but different Gcs t different quantity for H
possible that for one set of Gcs H is conserved
for another it varies with time

artificial ID system
point many attached to a spring of force constant k

the other end of which is fixed on a massless cart that is

being wowed uniformly by an external device with
speed Vo
































































































































8.4

GC position of the mass particle in the stationary
system then

L L x I t T V
or

mad hy x wtf 6.421

e our mix k X vet
how to solve

X X Vet displacement oftheparticle relative to

ij is thecart

To an observer onthecart theparticle exhibits simple
MY k harmonicmotion

expected ontheprincipleof equivalence inGalileanrelativity

Hamiltonian approach
x Cartesian coordinate of the particle
Potential does not involve Gus
H Ttv total energy
LIM tf Cx vet

H explicit function of time not conserved
Rhynie Energy must flow in and out of the
external physical device to keep the cart moving
aviformlyagainst the reaction of the oscillating
particle
































































































































8.8
Lagrangian
Suppose we formulated in terms of the relative
coordinate x

L L x If mz mi've MII kx2
Corresponding Hamiltonian

H Hix p kx m

2 2
Totalenergyofthesystemconstantinvolvingneitherxnon

p sodrop it fromH without
porH not the total energy anectingarm

but conserved
H and H different in magnitude time dependence
and functional behavior but both lead to the
same motion of the particle

A dumbbell of two masses connected by a springe of
constant k
Consider the cow in constant motion at speed v

along the direction determined by the spring and allow
oscillations only along this direction
Make the dumbbell to vibrate while its corn has an

initial Vo
It will continue with this velocity with uniform

translational motion
The translation motion no effect on the oscillation


































































































































Com motion and motion relative to come separate
8.6

a start of the motion then I conserved and H Etat
Different situation

If mu moving at constant speed Vo since a

periodic force is applied
Then me and com oscillate relative to me
Since a changing external force must beapplied
to the system to keep me at Vo H no longer
conserved H t Etat
































































































































8.78.3 Routh's procedure
Hamiltonian procedure especially adapted to problems

involving cyclic coordinates
L ft E t LCar i 9n r E I 9n n Itt

still need to solve a problem of n degrees of freedom
even though one dot corresponds to a cyclic coordinate
Cyclic coordinate in Hamiltonian formulation is ignorable
because pw is some constant L

H H g gun Pr Pu r d t

It now describes a problem involving a 1 coordinates

may be solved ignoring the cyclic coordinate except
as it is manifested in the constant of integration 2
Behaviour of cyclic coordinate from

In Ott
Jd

Routh method
Advantages of H formulation in handling cyclic c t

L 4 hourcyclic c
mathematical transformation from q if basis to
the gap basis only for cyclic c obtaining their
corn in the Hamiltonian form
remaining coordinates governed by LES
































































































































8.8
Cyclic c 9sea I 9w
New function R Thouthian

R 9n 9n i Ee its Pstn Pm t FEI Pitti L
HeydPstn Pm
Luonogel gu 14g Eta Es

For the s ignorable coordinates

ddtff.fi ftp.f o i e s 6.507

For n 8 ignorable coordinates Hamilton's equ's apply
0 ape O and ftp.a qi i Sti w 8.51

Example i Kepler problem section3.71
A single particlemoving in a plane under the influence

of the inverse square central force fill derived from
Vcr k

rn
Lagrangian

Mz tray Krw

Ignorablecoordinate 0
constant conjugate momentum pa
Rauthian

R r.ir pal 1 Izmir ten
































































































































8.9
Routhian equivalent ID potential V minus kineticenergy

of radial motion
Apply KES 8.50 to the noncycki coordinate the radialwordr

eons 314
q Pong ink o

putt

Apply HE 8.54 to the cyclic variable 0
poor O and PI

Mr2

same as G8
por mirror L go

Routh's procedure
more automatic analysis

advantages in problems with many dof


