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The aim of this course is to provide youwith a first introduction
to basic concepts in theoreticalphysics

nanny
which a proper mathematical formulation has been obtained
thanks to Galileo Newton t manyothers

As Galileo wrote in 1600 Nature is a book written in a

mathematical language To read this book we must learn this

language
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d Mathematical model
physical observables

units gmean y

mate different
measurements

Description of the motion of often idealized bodies in

space time

The initial formulation NewtonianMechanics which is

appropriate to describe point like objects few bodies in

well defined kinematical limits e.g ra c has evolved
into more sophisticated formulations Lagrange Hamilton Mech

These have a twofold advantage
Easier to handle more complicated problems many bodies

constraints
Transparent connection to move complete

theories such as quantum Mechanics or General relativity
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Furtherconnections
with Statistical
Mechanics when
consideringmanybody

tentatepeont ecturi systems

Newtonian Mechanics

Lagrangian Mechanics
Conservation laws
The two body problem
Small oscillations

Rigid Bodies
Hamiltonian Formulation

Relativistic Mechanics



1 Newtonian Mechanics

1.1 5 principleof relativity.tt

group3asicassumption aboutspace time in Classical Mechanics

Space 3D Euclidean

Time ID

Galileoisprincipeeofrelativity
There exist coordinate systems called inertial possessingthe

following two properties

Takethenews.meiNeatsIeemg
at any given time are the

II All coordinate systems in uniform rectilinear motion with
respect to our inertial system are inertial

his principle defines what is technically known as the
A

no preferred origin neither in time
nor in space

the group 1124 acts on A4 as thegroupof paralleldisplacements

given on evet a F t a c A4

and given b EIR then Atb EA

q.ab_aFE.atb
In A we can define two typeof distances or intervals

At ta this time separation between two events
independentof their location in space

IAIt 11fa xi.IT spaceseparation between simultaneous events



ThestructureofA4 is of the type µA
y

NB We cannot unambiguosly ta tb

define a space distance between non simultaneous events

it is a quantity that charge if we change referencesystem

the parallel displacement is a sub group of the more general

Galilean group groupof word transformations that preserve
thestructureofAh

n n n v underwhich physical

lawsmust be invariant

3 Spacetranslations I I If 3 possibledirections for
space Rotations

3 Boosts F I II t 0 3 3 orthogonal
matrix 3angless Time translations t t t to

As we will see in the next lectures the requirementof invariance

of physical laws under these transformations is the reason behind
a series of conservations

In the nextlecture we will discuss Newton's laws to describe the
motion of pointlikee particles idealized object fully
characterizeb by their position in space This motion is

described by trajectories I t which are pathsin.IR
I R 1123
t



1 2 first edpeniple

Katy t If É o mum p m I

where m isthemassofthe particle

The 1stprinciple of Newton's Mechanics or Newton's1stLaw states that

in inertial systems p const particles atneststay at rest particles in motion

remain in motion unless there is a fore acting on the particle

Newton's 2ndLaw is the statement that in inertialsystems

É ECE
that in the limit where in o impliesthe familiar

É ma a É
Note that this equation Ines the force forwhich already Newton
realized he could only gave a circular definition the force is
what causes p to change with time

What is somehow more important is that s s implies

É ICE É 1.2

which can be read as the declaration that the exon of the

trajectories is completely dtermedbyinitilpogg.it fttBytheorems on differential eq we know indeed

I t to 1.2 is completely determined by Ito É to

Remark The above declaration would not prevent f to be an

explicit function of t but this would contradict Galileo's principle
ofrelativity which implies that if I'Lt is a solution then also

I tts for any S E IR is a solution Discuss closed us opensystems



Am import concept particularly useful when describingmotions
0

with respet to a given fixed point I is that of

Engularmomentary I3

Ex F F E Fo
distancewith respect
to the fixedpoint

and correspondingly

torque momentofforce

I Tf x 1.4

From Newton's second law since xp o it follows

E E 1.5

From 11.1 Cs5 we deduce the followingtwo conservational
which appear trivial at this stage but later on we will show

can be derived directly from invariance under Galilean transf

I If I then p constant throughout themotion

I If E then I r v a

Note that 7 0 does not require p butonly FxF o

which can be obtained with E'to parallel to F A forceof this

type is called centralforce mention examples


