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Introduction & Review

Classical Mechanics (CM) is concerned with the Judy
& motion of bodies. It serves as the backbone

of modern physics , relating simple physical laws

to complicated dynamics exhibited by mechanica systems .

This course builds on the foundations you
learned

in Phys.
200

.
We will apply Newton's laws

& Lagragian mechanics to systems of particles ,

rigid bodies
,
& Continuous media .

We will

examine the behavio of systems in non-inction

reference frames
,
& export the consequences of

chartic motion from nonthear systems .
Advanced

mathematical techniques such as petubation there
to approximate the dynamics of conflicted systems .

Finally , we will introduce nother formation of

mechanics
,
Hamiltonian Mechanics

.
Hamiltania

Mechanics provides a systematic framework to

examine the phase space of dynamic unles ,

which impacts how one farnates Quarter therries .



Neutai Mechanics

CM is built upon Newton's lawsf motion.

Here we first consider a structures body In particle
which exists in 3D space (eg, (x, 7,

z) & fire (t).

In Ch ,
there is a universal time for which all

obsous agree upon

NI 7 some inential refence from
&

such at if there are no extend faces,

E = -
, ading on a body ,

then

=
~

objects velocity

Therefore the object moves is a right line,
~ Reference time

> (t) = + =(t- t- )

position at
~
critic position , Ctol=

some chosen
inetic frame i =

We specify an inetic frame with some convenient

choice of coordinate system 0 . The path of the

particles motion in space is the particles trajectory.



physical lars are inoniat (i . e,
the sarel made

change of intir frames · Wow such a

Galilea transformation
,
V = cast

,

↑ - = + (t - t)

u = v =
= v +T

=
T

y
· Particle ⑧

T

- -
T

V --

> N

· ·

O Or

Inetia frame

-

NIT Upon action of a extend face F,

a body experiences an acceleration in

the direction - F
,

- = i
a = 1F

m

< m = particles mass



The action of the face changes the trajatey
of the particle, =

-

-j = i
trajectory 2 - Particle

-

N

·

O Inetia frame

In good ,
the face can depend on the

position and velocity of the particle of a give

time .
This leads to a differential equation for

the particles position as a function of time,

-
w = E(, , t)

m

To sole thos, we require not any the face function ,

but also some initial conditions to fully specify
the trajectory .

This is usually the position
and velocity of some refence time

,

& = FItol ad E = E(tol



Newton's Principal of Determinacy
The initial state of a mechanical system ,

i.e.,

the totality of positions & velocitiesf its poits
at some moment in time

, uniquely determines the

allf its motion
.

to t> to

= (t
. ! 1

7 7
T ->

⑧ r(t)
3 Y T

-

· = If 7 ↑(t)
m

- -

r = (to)
· ·

O

O O

that is
,
theNation is completely determine via

the integrats faction contrained vin to & E
,

i t

-E = (d)-de Eri,it,t
i to

t

(t) - = d) = Set Esti
i to



NI If bodyA imparts a face Fath of

bod B ,
the body is irports a farce

F nto A with equal magnitude3- A

and opposite direction
,

-

Fista = - Fate

T F
A-B

B

AIIhe
2 - -

F =

-F
B-A 1-T

N is a consequence of southy deeper,

Conservation o mometer
, T =mi



Conservation Laws

Whilehoarding with Neuter's Laws is possible,

many problems, especially those involving systems f

way particles, we conflicted to actually appr
the laws of min

.
It turns of we

ca yanae equivalet laws of nation unipudding
Menta's lows to exploit qualifies susceptible

to conservation laws

Monnur Consider NIT written in for

of the particles mometer, j,

= E -p =n

We can concret a It integra of nation by
TA

-:
= Ja = F

Ti tj

the impulse
If there are no extend faces on the system,
then moretum is conserved ! = Pi



Conservation ofrorin proves very
effective

is systemsf many particles, such as those

involved in collisions
,
where we do not care

about the intens forces
.

Angular Moratun Define the angula monate I as

e = xp

the rate - change in time
=

-= xp + x
~

==x = 0

= xE

Define the tague T = xE
.

thus
, we have I = ↑

Notice that if a system experiences no extern

torgues ,
the angular monte is conserved !

Unlike p ,
I depends on the choice of coordinate

syfer . L To + =

=> T + i= xp + xp + 2
.



Energy Consider a farce Eas noting on a

particle . The Work performed on the particle
as it moves from A to Ep a

Ward= . Fir

↑
A

Note that wal is in gara dependent on the

path the particle takes.

For NI
,
E = md

BJ
,
dr .& =Fd

=> d . Fir =Md=-
↑
A

Dething the Kinetic energy T= Law ,
we

arive of Work-Energy theorem

TB-Ta = Was i



If the face is consortive
,

ExF =:
,

then we can write E = -G

where Girl is the partic energy
Gravity is an example of a conservative force,

Ugrau = -Gunn

- F = - j
gran grau

== Gh

We can define the totalmedhimical energy E

E=T+ [U;
j = 1

> PES from Consortive Force,

So tha
DE = Wis

> work from non-cascular forces,

If Erc = 8
,
the AE20 and energy is consumed !



System of particles
All of these nations exac to systems f

particles .
We gauul,

break up
mater of my ·

6

system of particles F 7

& mj
7

to the cate-of-mass ↑
j

·

motion and the relative % ·

nation .

Conside N particles with masses my ,
j = 1

, . ., ,
and

positions I ,
j = , ..., N , as defined bya

insrict system O .

The ceir-af-mass (CM) is defined as

N

R = + &mir;
Mi = 1

where M= Mj is the ta mass of the syter

Let's apply NI to particle j,

jj = =(ex + [Fu;j
h+j

- -

faces due to other provides
So re extern force in the system .



Let is examine the motion of the CM
,

-

Mr = Enj=[ Fj j

Note that the lat for can be written as

&.[FiFi
Whoe we have defined Fij: to reflect the

absure of self forces
. By NI , Enj = -Fin ,

so icetically

[ F =

Therefore
,
the Ch has a For Mi=E: Elect

j

The CM moves as a effective particle o rass M .

The trid moretum of the system is

= Pi==
↓

velocity fcM



The angular more of the sytem is

=[x,
Taking the time derivative

,

= [r ; x = [x)+ Fi
Now

,
the last ter

& xFiri-ruxFu
Libe the face Enj11 Fj-ih ,

this is zero. Examples

where thos is not true is the Magnific Face
,
where

are needs to include EM Fidd moreta.

So, i =[x = p()
j

Multiparticle Energy laws follow silly , ess

U= Un +Eu



Lagrangian Mechanics

Conservation Kos play cate roles is physics.

TheNewtonian formation of mechanics often

clouds the nature of constration laws · Noether

showed that conservation laws are a direct

consequence of symmetrics of the machnical

system under the adio of some transformation.

Conservation Laws - Symmetry
Energy - fire translation

Momentum - Space translation

Angular Monetun = Rattins

A functive formulation of mechanics
,
called

Lagrangian Mechanics , allows are to study the

synaties of mechanical systems. It afters a

equivalent faultin to Newton's laws.

One defines the Lagrangia I

2 =T - y



the Lagrangin encodesal the dynamica
information of a mechanica system .

To access

the equations of motia
,

we cased the

action S

=Fitz
ti

By varying thectim &S = 0
, we can garde

the Euler-Lagrange egations ,
which we euindt

to NII .
Conside a sytem with guided

coordinates &
, ....,

In ,
which can be position,

ugbs ,
ec. By minimizing the action ,

which effectives

produces theapiec trajectory for the syten,
We arive o

=,i



For exarcle, consider themotion of a

single paride in some particl well UITS .

the KE of the particle is
T==

So
,
L = T - U

= -Wir

The Enlo-Lagrange egations yield

=
j

= unSui = mij

und -

=
Fudly,
= Wil

Or;

Recall F = -JUcis
,

so Fi =

t
Therefore,

=
=> mi = F


