
①

NewfonianMechani

!i System of particles 5 , isolated from the
rest of the world .

0

Mechanics describes the evolution of S as a
function of time : dynamics of the motion of the particles .

State 5 of the system : 54-1=17.11-1 , viltlf
T T

→
Position, velocities

where 4. = DI =
If

⑦Newton-st.ws/stlaw
: A body remains at rest on in uniform motion unless
I acted upon by a force .

⇒ if I Éij = 5' with Éj force exerted by particle g- on
j particle i, then the ith particle

has acceleration = o : uniform motion
on Reist

E
'

2nd law : mi = [ Éij. ij
= FÑ→ :

- Orequations of motionj
[ positive number : inertial mass

N

ai'=d% = ii. ⇒ moi'=É= -2 Fiji
j=i

N particles



②

3
"
law : If two bodies exert forces on each other

,
these

- forces are equal in magnitude and opposite in

direction
. rÑ

'

E
'

ij=-É Ex :

1m£ /
Ñ=

- mgconsequence : Tim ; iii. = [ Éy . = 5
'

i,j total
⇒ ¥

.

( ÷ Mi Ji) = 5' : linear momentum
conserved

Ñi=m, momentum of particle i

-

*These laws are approximate , they break down when :

• for velocities near the speed of light (-5 special relativity
•
For atomic and subatomic systems (→ quantum mechanics/

•
When gravity is strong (→ general relativity /

*
In the following , we will assume that :

•
Newton 's equations hold !

• Éj = Flriirjl : function -8 ii. rj
'

only
•
Conservative Forces :/ Potential



③

/
FIE : gradient

Éj=-2⇒uGii↳
in principle

,
can also depend

on i.j

• Finally , we will require that the interaction potential
depends only on distance :

•

i
'

- fig:(ri - ri't UCE
, rjY-UEij.ir?l---Ulrijl

i. j -- - -S central forces

This implies : Tj = - Ig: U - nj't) = -2 I U'lrij )

= - 2F¥ U'Gijs

= - 2¥.gg 215
'

- rj
'

/ U'Gijs

Lef : 461=-4 :# ⇒ Fij=GT-nj')eo
Node : Éj = - Fj! (3" law ! / and Éj . parallel to E- Tj .
-

Inertiaalfame: Motion measured with respect to deference G-name .

Inertial frame : frame in which Newton 's laws are valid
.

"

fixed
"

stars frame



④

Galileaninvniane : if Newton 's law are valid in one nefe .

- Renee frame
,

then they are also valid in
any reference frame

in uniform motion ( not accelerated ) with respect to the first
one

.

Follows from : mi É' -- É Galilean Boost 131

+ Rotations (31I
' ! I' + Jit mi É

"
-

- É
+ translations (3)
1- 1- '= 1-+ c 111

! Conservation theorems
- = Galilean Group

-1

Momentum : Reminder
:

3
"
law : Fu = - É

"

21

mid.¥ = - Madri
Is

⇒ ¥r(mÑ+mñ ) -- o
-

momentum
: conserved!

• If É= o
,
f
'

is a constant of motion .

. If É. at = o for a given constant vector at

then IF'

I
=
0

⇒ Ñ. I' conserved
It

- a-
'

= dfi.at/

EI : Particle in magnetic field B-
'

:
É= qÑ✗B

'

E. B-' = 0 since É 1- B-
'

⇒ F. B→ conserved ! mv along B-
'

= Betz constant.
2-

Angular Momentum : Ñ=!p with respect to origin
-

from which Ñ is

measured
. Ñ= É
p=mJ

'

•

HÑH -

- ru since Ñ=o if Ñ ✗

it
'

• by definition F
'

is 1- to of and F
'

g.
f→p→



⑤

.

Let 's also introduce the TORQUE ( moment of force I

F=ñ
Now : ¥E= ✗ F' + ñ×d¥=ñ×d¥It) 2"' law-

= THE
'

I' ✗{ = mF×É=o
= F

'

⇒ :¥
The angular momentum of a particle subject to no torque
is conserved

.

E± : Central Force : gÉÉ F-
'

= - Fei ⇒ E- I

eI -- Eia
2

Energy : Deb :
Work :VY→z=fdñ_F

Line integral following Path from 1 to 2
.

m :# =

F-Fhhdeoa.ae
⇒ mdE.di-FT.fi

It

•

:⇒ VY→
, =/ É.dÑ= fond,¥&¥dt

I



⑥

=/
"
m E. d;¥ it =/

"
m .¥(EE)dt

t
, IT 2

= ftp.#-(EmvYdt-.fdCtzmvymv2Kinetic
= I - T, whereT energy

so we have dT=Tz-T,=VY_ Kinetic
energy

theorem
.

Variation of kinetic energy between land 2 given by the
work of the forces exerted on the particle .

Def : Conservative Force : Force for which V4→2=4-4

independently of the path chosen :
Ñ×É= 0

/ ;
'

E'
= -
p-j←

also ✓ : potential

2

D= }g=, energy

T§É.di=o 4-n=fÑu.dñ=f?w=u, -y
l 1

Note : U is defined up
to an additive constant

.

Assuming a conservation force :

dT=d / Emv) = E. di ⇒ ¥_=É =
-170.5'

and ¥ -

- F. 3¥ .
¥.it?Y-.--Iu .

+ a-
at



⑦

⇒ 1¥ (-11-0) = 2¥ For a conservative force
,

we also require 0¥

Energy
⇒ ¥=o E- conserved

f-on a conservative force

Conservativefoncesinld

In Id
, any force that depends on ✗ only (not on time / is

conservative :

FW ⇒ choose 01×1 = - f¥(Ñdx '
✗

☐

so F= -
'

1×1

m :¥= -0%1 ⇒ mr :¥=¥kmrY= - ¥0 :¥
= - IU

(total dt

§mv2I energy conserved
.

[
= est fixed by initial conditions

. Separate variables : t m ( ¥fY= E- 01×1
✗CH

dx '
⇒ tf-E.gg, =/

tdt -
= f- to

✗
o to

EI : Harmonic oscillator
,
let's use energy conservation to solve

that problem .



⑧

F-
.

-
Kx = - ¥ ( { Kx

') ✗=o = equilibrium)
position

too -- ° ✗CH T

⇒ 1- =/
% €E-¥k×ij

with F-=Ek×i
Choose V0 --0)

✗Who
⇒ 1- = f

"" 9=9
,

×.¥÷÷¥=¥f¥g
= JI [ - Arcos

%
( Anccostxt.

I - 4E )=fÉ areas (%)
Note

: sin
" (arkose ) -1×2=1 =) 2. forecast / sin(arccosx/✗ 1- 211=0

⇒ arvo's'✗ = - Ysinlaeuosx ) = - UFF

⇒ ✗ (t) = ✗
☐
wswt with w=JEm .

①

* Qugfitativeanaysis :

f.AE?.EEi-::i=#staee.:!✗✗
, ✗2×3 ✗

4

. Since F- = Tt U with T > 0
,
motion can only

happen for E> Ui between ×
,
and xz , X

,
and Xg . . .

At ×
, ,
✗
z . . .

: T= 0 since U -
- E : turning points

✓ Vanishes
.



⑨

.

.
Motion between ✗

,
and ✗

z
is periodic .

n

Period
:/

2 trips between ✗
,

and ×
,E t.is

"

×
.

×
. ×

,

É¥¥É,
EI : Harmonic Oscillators : Ufx ) = tzkx

'

×
,
and ×

, given by

E-
- { Kai ⇒ ×

:<=±F¥T=zfF¥
-r¥É¥¥EFÑ÷f¥g= ①

4=4×2
"

-

+ Arceosfikit

Many particles

2
"'
law : p÷= = Tt + IE'

j±ij→i

F. É=MÉ
'

= I
"

t.EE#FiI.ii

-

E. ( É→jtFji→ ,
-1--5

'

with M= Timi , Ñ=y- Timi ?? Center
of
Mass



④

Fett
=
I =, conserved

Angular momentum revisited

É = F. ñixpi
'

= [ F' ✗ EJI ; + §Ñ×É"t
T
externalK
tongueI - ñj . / ✗ Éj→i

irj
=o if ¥→

,
, parallel to -sj!

Let F' = R'
'

+5
'

: I'= Em:(Ñ+ÉlxfÑ+É
' )

i

= 14 ÑxÉ → orbital

+ F.miÑ*É } E : Em :S? -- Em:(E- ñ)
+ § mis? ✗ É = Em .ir?-MR'-- 5

'

+ F. m.rs?x → Eni
.

:

"

spin
"

Energy revisited : T= ? Emi
"

Em,
.si?.--o

E' =Ñ+É : T= ? Emilie 't + 2ÉÉ )
= { MÉ

"

+ tz.fm;



E- = Tt U conserved with U= ¥4.
"'t ¥j4j

proof : DT = F. d(Emi 4 = [ mini'.dz?dliIt
= ? ( É

"'-
+ I Ej .→ ;) . d¥.
j=i

-1

= I - ÑU
,

?"
- do? - I Fj >i. Chi - dnj

' /
i ""

÷gjyUij(115
'

- I'M
= -
du

we'll come back to rigid bodies later
.

[
11nF - 5jH fixed

④ Rest of the course

Euler
, Lagrange , Hamilton and Jacobi : more formal

p
formulation of mechanics . and more elegant!
→ Easier to tackle more complex problems

→ More transparent : symmetries , mathematical structure

→ Lagrangian / Hamiltonian formalism underlies ¥1 ! / of
modern physics ( QFT, stat mech, GR etc . . . )

→ Connections to QM
,
stat Mech

. . .


