


%. i

U #E)

I =mtmT F -
- I -7

,
M

,
t Mz

µ
= Mim

FL is cyclic M
.

- Mz

I conserved

CHOOSE A REFERENCE FRAME

WHERE E=M£=o

-
CONSERVATIVE CENTRAL FORCE

V=Vdr) E. - Err
SPHERICALLY SYMMETRIC



ANY ROTATION LEAVES THE E. O.M.

✓ N CHANGED ⇒ CONSERVED

QUANTITIES

I = Ftp CONSERVED

3 CONSTRAINTS
⇒ F IN A PLANE 1- to [
SPECIAL CASTE L = 0

FLIP STRAIGHT LINE

MOTION

choose Ill I ⇒ of -_ The
NOTATION @ constraints)
( r
, 0,4 )

E- roosa
X= rsinocoso

( r
, 4,0) z=rcos¢

⇐ rs.no/cos g)
←

ALL MOTION IS IN X - 4 PLANE



2 = T - V

-
- tutor 't raid) - Vtr)

Po -
2L

Ocecccc

Four
- b =L ,

ALTERNATIVELY ✓ =V (r ) CENTRAL

⇒motion is PLANAR

AREA SWEPT rdo
da -- r

-doz \

A REAL VELOCITY

IF no
1¥

CONSERVATION OF Po ⇒ CONSTANT

A-REAL VELOCITY

KEPLER 's 2ND LAW



Po
-

-

µ re ie =p IF x El
-

- l
z

dat 2¥ - 2£ --ri -pride 2¥ -- o
µ T - pro

"

= f Cr)

pi
-

- LE FORCE

Frs
= t ( r)

-

① V FV Lt) ⇒ E conserved

E = '

zu Lik r
-E) e-V Ir )
-

② p i = ¥, + fir)
= - five EE .)

multiply both sides by in
Las :Nii -- Itter)
rus : -Irl )# = -dal )



Fetter ) = -Lettre tf )
Ft ( temi et c-F) = o

-

E CONSERVED

③ h = § pig ; - 2
= Lui) i trio - LEEtrot) if

E = h = INCE trace ) t v

soTeiv-÷.DK
t -- Si

.

dry ⇒ th
invert to get r Ctl

solved !



ng f '=ftfI,
✓
'

eve 'zI Ether
ur
' .#

E -- v 't 'zmr
"

I

Hl decreases "j¥÷¥slower than Ya T

as r→oo

lvlincreases slower
than

'he as ① E. so r > r ,

r -30 Eyre set, @ re

Cf Vith hyperbole)

÷÷÷÷÷÷:÷i.ORBIT BOUNDED

- CLOSED?

④ Ey -_Vm'm r=ry if V - Er
,
ellipse

CIRCLE
-



✓ ( r ) =
- Azz FAILS THE Limits

÷:÷÷÷÷÷i¥÷÷÷¥÷÷:u r r > rz

③ Ess O

re rz



ISOTROPIC HARMONIC OSCILLATOR

f- = -Kr V=tzkr
'

t

:÷÷÷"
" :

V
'

-÷. + Era req

Eauiursraum D= }¥=j + Kr
rig -

- ta
Veg -

-

%fa.tk#--lfy--fuTeI=tzmr2=O



PERIOD CUSE AREA ) ④ =# req)da

Td
-

- trace =L
2N

PERIOD - AIII.se -- Aadi
=

ztpregll-2.IT/Eq#=2ttfI=2oI
-

CARTESIAN 2=3pity )tkLx4j)
x = A. coslwteox) y

-
- Aysinlwttoy)

AT EVIL : Ax - Ay $x=0y



SMALL OSCILLATIONS AROUND req
vis -- r 'lryk3

%eE.IE?goi--c-iEfEgtk)or8r=r-req--CttzL4k)Er5f=pkrc
;
'

Wasif = L=zw
CLOSED ORBIT

BECAUSE 2 is

RATIONAL



TURNING POINTS (MIN
,
MAX r)

E -- III. e '

Er
- tEr

°

6=0 FOR

¥ r " - Erz + ez
EXTREME r

= O

re - ZE r- tu =0

÷±=l¥±t¥. -¥.
-

21


